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C-C Chemokine Receptor 3: CKR or Eos-L2 
Description 

Related Applieaf <t 9nff 

This application is a continuation-in-part of U.S. 
5 Serial No. 08/375,199, filed January 19, 1995, the 

teachings of which are incorporated herein by reference in 
their entirety. 

Government ftflffHTt 

Work described herein was supported in whole or in 
10 part by a U.S. government grant. The U.S. government has 
certain rights in this invention. 

Background 

Chemokines, also referred to as intecrines, are 
soluble, low molecular weight members of the cytokine 

15 family which have chemoattractant function. Chemokines are 
capable of selectively inducing chemotaxis of the formed 
elements of the blood (other than red blood cells), 
including leukocytes such as monocytes, macrophages, 
eosinophils, basophils, mast cells, and lymphocytes, such 

20 as T cells, B cells, and polymorphonuclear leukocytes 
(neutrophils)). In addition to stimulating chemotaxis, 
other changes can be selectively induced by chemokines in 
responsive cells, including changes in cell shape, 
transient rises in the concentration of intracellular free 

25 calcium ([Ca 2+ ];), granule exocytosis, integrin 

upregulation, formation of bioactive lipids (e.g., 
leukotrienes) and respiratory burst, associated with 
leukocyte activation. Thus, the chemokines are early 
triggers of the inflammatory response, causing inflammatory 
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aediator release, chemotaxis and extravasation to sites of 
infection or inflammation. 

The chemokines characterised to date are related in 
primary structure. They share four conserved cysteines , 
5 which form disulphide bonds. cDNA cloning and biochemical 
characterization of several chemokines has revealed that 
the proteins have a leader sequence of 20-25 amino acids, 
which is cleaved upon secretion to yield a mature protein 
of approximately 92-99 amino acids* Based on the conserved 

10 cysteine motif, the family is divided into two branches, 
designated as the C-C chemokines (/? chemokines) and the 
C-X-C chemokines (a chemokines), in which the first two 
conserved cysteines are adjacent or are separated by an 
intervening residue, respectively. Baggiolini, M. and C.A. 

15 Dahinden, Immunology Today, 15: 127-133 (1994)). 
The C-X-C chemokines include a number of 
chemoattractants which are potent chemoattractants and 
activators of neutrophils, such as interleukin 8 (IL-8) , 
PF4 and neutrophil-activating peptide 2 (NAP-2) . The C-C 

20 chemokines include molecules such as human monocyte 

chemotactic proteins 1-3 (MCP-i, MCP-2 and MCP-3) , RANTES 
(Regulated on Activation, Normal T Expressed and Secreted) , 
and the macrophage inflammatory proteins la and 1/J (MIP-ia 
and MIP-10) , which have been characterized as 

25 chemoattractants and activators of monocytes or 

lymphocytes, but do not appear to be chemoattractants for 
neutrophils. For example, recombinant RANTES is a 
chemoattractant for monocytes, as well as for memory T 
cells In vitro (Schall, T.J. et al., Nature, 347: 669-671 

30 (1990)). More recently a chemokine called lymphotactin 
with a single cysteine pair in the molecule has been 
identified which attracts lymphocytes (Kelner, G.S., et 
al., Science, 26€z 1395-1359 (1994)). 

The C-C chemokines are of great interest because of 

35 their potential role in allergic inflammation. For 
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exaaple, MCP-l induces exocytosis of human basophils, 
resulting in release of high levels of inflammatory 
mediators, such as histamine and leukotriene C 4 . 
Similarly, there is great interest in the receptors for the 
5 C-C cheaokines, which trigger these cellular events in 
response to cheaokine binding ♦ A receptor for C-C 
cheaokines has recently been cloned and is reported to bind 
MlP-la and RANTES. Accordingly, this MIP-la/RANTES 
receptor was designated C-C cheaokine receptor 1 (CKR-1; 

10 Neote, K. et al., Cell, 72: 415-425 (1993); Horuk, R. et 
al., WO 94/11504, published May 26, 1994; Gao, J. -I. et 
al., .7. Exp. Mad., 177: 1421-1427 (1993)). An MCP-l 
receptor has also been cloned (Charo, i.f. et al., Proc. 
Natl. Acad. Scl. USA, 91: 2752 (1994)). This receptor, 

15 designated CKR-2, is reported to bind MCP-l with high 
affinity and MCP-3 with lower affinity (Charo, I.F., et 
al., Proc. Natl. Acad. Sci. USA, 91: 2752-2756 (1994))* 
CKR-2 has been shown to exist in two isoforms resulting 
. from the use of an alternative splice site in isofora A 

20 producing a distinct cytoplasmic tail. Isoform B, which is 
not spliced in this region, has been shown to be a 
functional receptor for MCP-l and MCP-3 in binding and 
signal transduction assays (Charo, I.F., et al., Proc. 
Natl. Acad. Sci. USA, 91: 2752-2756 (1994); Myers, S.J* , et 

25 al., J . Biol. Cham., 270: 5786-5792 (1995)). More 

recently, a new receptor called CKR-4 has been described; 
cRMA f roa this receptor was reported to produce a Ca 2+ 
activated chloride current in response to MCP-l, MlP-la, 
and RANTES when injected in to X. laavis oocytes (Power, 

30 C.A., et al., J". Biol. Cham., 270: 19495-19500 (1995)). 

The MCP-l receptor (CKR-2) and C-C cheaokine receptor 
1 are predicted to belong to a super family of seven 
transmembrane spanning G-protein coupled receptors (Gerard 
C, and Gerard, N.P. , Ajmu. Rev. Immunol., 12: 775-808 
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(1994); Gerard c, and Gerard N.P., curr. Opln. Immunol., 
6z 140-145 (1994)). This family of G-protein coupled 
(serpentine) receptors comprises a large group of integral 
membrane proteins, containing seven transmembrane-spanning 
5 regions. The ligands of these receptors include a diverse 
group of molecules, including small biogenic amine 
molecules, such as epinephrine and norepinephrine, 
peptides, such as substance p and neurokinins, and larger 
proteins, such as chemokines. The receptors are coupled to 

10 G proteins, which are heterotrimeric regulatory proteins 
capable of binding GTP and mediating signal transduction 
from coupled receptors, for example, by the production of 
intracellular mediators. 

The cloning and sequencing of two IL-8 receptor cDNAs 

15 reveals that these C-X-C receptor proteins also share 
sequence similarity with seven transmembrane-spanning G 
protein-coupled receptor proteins (Murphy P.M. and H.L. 
Tiffany, Science, 2S3: 1280-1283 (1991); Murphy et al., WO 
93/06299; Holmes, W.E. et al., Science, 253: 1278-1280 

20 (1991)). Additional receptors for chemotactic proteins 
such as anaphylatoxin C5a and bacterial formylated 
tripeptide fMLP have been characterized by cloning and been 
found to encode receptor proteins which also share sequence 
similarity to these seven transmembrane-spanning proteins 

25 (Gerard, N.P. and C. Gerard, Nature, 349: 614-617 (1991); 
Boulay, F. et al., Biochemistry, 29: 11123-11133 (1990)). 
Although a number of other proteins with significant 
sequence similarity and similar tissue and leukocyte 
subpopulation distribution to known chemokine receptors 

30 have been identified and cloned, the ligands for these 
receptors remain undefined. Thus, these proteins are 
referred to as orphan receptors. 

The isolation and characterization of additional genes 
and the encoded receptors, and the characterization of the 

35 corresponding ligands, is essential to an understanding of 
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the interaction of chemokines with their target cells and 
the events stimulated by this interaction, including 
chemotaxis and cellular activation of leukocytes. 

5 The present invention relates to isolated and/ or 

recombinant nucleic acids which encode a mammalian (e.g., 
human) receptor protein designated C-C Chemokine Receptor 3 
(CKR-3) . The invention further relates to recombinant 
nucleic acid constructs, such as plasmids or retroviral 

10 vectors, which contain a nucleic acid which encodes a 

receptor protein of the present invention, or portions of 
said receptor. The nucleic acids and. constructs can be 
used to produce recombinant receptor proteins, in another 
embodiment, the nucleic acid encodes an antisense nucleic 

15 acid which can hybridize with a second nucleic acid 

encoding a receptor of the present invention, and which, 
when introduced into cells, can inhibit the expression of 
receptor. 

Another aspect of the present invention relates to 
20 proteins or polypeptides, referred to herein as isolated, 
recombinant mammalian CKR-3 receptors. The recombinant 
CKR-3 receptors or polypeptides can be produced in host 
cells as described herein. In one embodiment, a receptor 
protein is characterized by high affinity binding of one or 
25 more chemokines, such as eotaxin, RANTES and/or MCP-3, 
and/or the ability to stimulate a (one or more) cellular 
response(s) (e.g., chemotaxis, exocytosis, release of one 
or more inflammatory mediators) • 

Antibodies reactive with the receptors can be produced 
30 using the receptors or portions thereof as immunogen or 
cells expressing receptor protein or polypeptide, for 
example. Such antibodies or fragments thereof are useful 
in therapeutic, diagnostic and research applications, 
including the purification and study of the receptor 
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proteins, identification of cells expressing surface 
receptor, and sorting or counting of cells. 

Also encompassed by the present invention are methods 
of identifying ligands of the receptor, as well as 
5 inhibitors (e.g., antagonists) or promoters (agonists) of 
receptor function. In one embodiment, suitable host cells 
which have been engineered to express a receptor protein or 
polypeptide encoded by a nucleic acid introduced into said 
cells are used in an assay to identify and assess the 

10 efficacy of ligands, inhibitors or promoters of receptor 
function. Such cells are also useful in assessing the 
function of the expressed receptor protein or polypeptide. 

According to the present invention, ligands, 
inhibitors and promoters of receptor function can be 

15 identified and further assessed for therapeutic effect. 
Ligands and promoters can be used to stimulate normal 
receptor function where needed, while inhibitors of 
receptor function can be used to reduce or prevent receptor 
activity. Thus, the present invention provides a new 

20 strategy of anti-inflammatory therapy, useful in a variety 
of inflammatory and autoimmune diseases, comprising 
administering an inhibitor of receptor function to an 
individual (e.g., a mammal). In contrast, stimulation of 
receptor function by administration of a ligand or promoter 

25 to an individual provides a new approach to selective 
stimulation of leukocyte function, which is useful, for 
example, in the treatment of parasitic infections. 

Brief Description of the Drawings 

Figure 1A-1C illustrates the nucleotide sequence 
30 determined from a genomic clone encoding a human CKR-3 

protein also referred to as Eos L2 receptor (SEQ ID N0:1), 
and the predicted amino acid sequence of the protein 
encoded by the open-reading frame (SEQ ID NO: 2). 
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Figure 2A-2B illustrates the nucleotide sequence 
determined from the cDKAs encoding a human CKR-3 receptor 
(SEQ ID NO: 3), and the predicted amino acid sequence of the 
protein encoded by the open-reading frame (SEQ ID N0:4). 
5 Figure 3 is an illustration of one type of 

transendothelial chemotaxis assay. A culture insert is 
placed into a container, such as a well in a 24-well plate, 
creating a first and second chamber within the well. 
ECV304 endothelial cells are grown in a monolayer on the 

10 polycarbonate membrane on the inner side of the insert. 

Cells to be assessed for a response to a substance (e.g., a 
chemokine) are introduced into the top chamber and the 
substance is introduced into the bottom chamber. 
Chemotaxis can be assessed by detecting cells which migrate 

15 through the endothelial layer into the bottom chamber, by 
removing the insert and detecting or counting cells by a 
suitable method. For example, cells in the bottom chamber 
can be collected and assessed by flow cytometry (e.g., FACS 
analysis, light scattering). 

20 Figure 4 is a histogram illustrating the chemotaxis of 

human eosinophils in response to various chemokines. Human 
eosinophils were purified using a standard protocol, and 
assessed by microscopy for their response to various 
chemokines in a 24 well transendothelial chemotaxis assay 

25 (cells per high power field (HPF) . 

Figures 5A-5B are histograms illustrating the response 
of HL-60 cells (Figure 5A) and butyrate-dif ferentiated 
HL-60 cells (Figure 5B) to various chemokines. Chemotaxis 
assays were performed using endothelial coated inserts, and 

30 lasted 1.5 hours. Results are representative of 10 
different experiments. 

Figure 6 is an illustration of a FACS analysis of 
various clones of Ll-2 pre-B cells transf acted with Eos L2. 
Cells from over 200 clones were stained with M2 anti-FLAG 

35 Mab followed by anti-mouse Ig-FITC. (Y-axis, number of 
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cells; X-axin, fluorescence) . in the negative control 
(PAUL 001) , transfected cells were stained with an 
irrelevant antibody. 

Figure 7 is a histogram illustrating the binding of 
5 RANTES and MlP-la to human eosinophils. Purified normal 
human eosinophils were incubated with 0.1 nM 125 I-labeled 
HIP-la or RANTES ("Hot") in the presence or absence of 
various cold chemokines (mTP-lcc, RANTES, IL-8, MCP-l, 
MCP-3) at 250 nM. 

10 Figure 8 is a graph illustrating inhibition of the 

binding of 125 I-labeled RANTES to human eosinophils by 
various cold chemokines (RANTES, MIP-lo, MCP-l and MCP-3) . 
Human eosinophils were incubated with o.i nM radiolabeled 
RANTES and the indicated concentrations of cold chemokines. 
The data plotted are the means and standard deviations of 
duplicates for each sample. 

Figure 9 is a histogram illustrating the binding of 
0.1 nM radiolabeled MIP-ia or RANTES ("Hot") to butyric 
acid differentiated HL-60 cells in the absence or presence 
20 of cold chemokines (250 nM) . 

Figure 10 is a histogram illustrating the binding of 
0.1 nM ,25 l-labeled ("Hot") RANTES or o.i nM 12S l-labeled 
("Hot") MCP-3 to Eos L2 infected SF9 cells (cpm, counts per 
minute) . (From left to right.' Hot Rantes only; Hot Rantes 
25 + cold Rantes; Hot MCP-3 only; Hot MCP-3 + cold MCP-3) . 

Figures 11A-11B are graphs illustrating the binding of 
MCP-3 to butyrate-differentiated HL-60 cells, in Figure 
11A, binding of 0.1 nM radiolabeled MCP-3 was assessed in 
the presence of various concentrations of cold MCP-3. 
30 Figure iib is a Scatchard plot calculated from data in 
Figure 11A. 

Figures 12A-12B are an illustration of the results of 
a FACS analysis of human eosinophils (Figure 12A) and 
lymphocytes (Figure 12B) for expression of Eos L2, using 
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monoclonal antibody (KAb) LS26-5H12 as first antibody, and 
FITC-anti-mouse Ig as second antibody. «Neg» indicates a 
negative control in which non-specific antibody was used as 
first antibody. 
5 Figures 13A-13D are graphs illustrating CKR-3 

expression on leukocytes as determined using MAb LS26-5H12 
and flow cytometry. Leukocyte subsets were stained with 
anti-CKR-3 MAb LS26-5H12 (solid lines) or an IgCj 
isotype-matched control antibody (M0PC-21) (shaded 

10 profile). Figure 13A f eosinophils; Figure 13B, T Cells; 

Figure 13C, monocytes; Figure 13D, neutrophils. Dead cells 
were excluded based on propidium iodide staining. 

Figures 14A-14C are graphs illustrating cell surface 
staining of LI. 2 cells transiently transfected with a CKR-3 

15 receptor (Figure 14A) , mock-transfected Ll.2 control cells 
(Figure 14B) , or cell line E5 (a stable Ll.2 CKR-3 
transfectant) (Figure 14C) with an anti-CKR-3 monoclonal 
antibody (LS26-5H12, solid line). Background staining with 
control monoclonal antibody MOPC-21 is also shown (shaded 

20 profile) . 

Figures 15A-15D are graphs illustrating the results of 
competitive ligand binding of radiolabeled human eotaxin to 
the E5 cell line (a stable Ll-2 cell line transfected with 
a CKR-3 receptor; Figure 15A) or to human eosinophils 

25 (Figure 15B) . Cells were incubated with 0.6 nM 125 I-labeled 
eotaxin and various concentrations of unlabeled eotaxin 
(O) , RANTES (A) , or MCP-3 (□) . After 60 minutes at room 
temperature, cell pellets were washed and counted. 
Scatchard plots of unlabeled eotaxin competition were 

30 calculated from the data (Figure 15C, E5 cell line; Figure 
15D, eosinophils) • 

Figure 16 is a histogram illustrating the inhibition 
by various chemokines of human eotaxin binding to the E5 
cell line. E5 cells (stable L1-2/CKR-3 transf ectants) were 
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incubated with 0,6 nM radiolabeled eotaxin and 250 nM 
unlabeled chemokines or no competitor as indicated. 

Figures 17A-17C are histograms illustrating chemotaxis 
of LI. 2 cells and LI. 2 receptor transf ectants. i x lo 6 
5 cells of the E5 cell line (stable L1-2/CKR-3 transf ectants) 
(Figure 17A) , the parental LI. 2 cell line (Figure 17B) , or 
an IL-8 KB LI. 2 receptor transf ectant line LSLW-2 (Figure 
17C) were placed in the top chamber and chemokines placed 
in the bottom chamber at the concentrations specified. 

10 Migration was allowed for 4 hours and cells migrating to 

the bottom chamber were counted. All assays were performed 
in duplicate and the results representative of at least 
three separate experiments. Chemokines are listed along 
the x-axis f number of cells migrated along the y-axis, and 

15 concentration of chemokine along the 2 -axis. 

Figures 18A-18B are graphs illustrating the 
chemotactic response of eosinophils from two different 
individuals. The response resembles that of CKR-3 LI .2 
transf ectants. Donor to donor variation of chemotactic 

20 responses of eosinophils to eotaxin, RANTES, MCP-3, and 

MlP-la was observed. Eosinophils were purified from blood, 
and assessed for their chemotactic response to various 
concentrations of chemokines. Values are from a 
representative experiment of at least 4 performed, using 

25 the same two blood donors. 

Figure 19 is a graph illustrating the binding of l25 l- 
labeled RANTES to a membranes from, a stable cell line 
(A31-293-20) obtained by transacting 293 cells with the 
A31 cDKA clone (square with central dot) as compared with 

30 binding to membranes from untransf ected 293 cells (filled 
circles) . 

Figure 20 is a histogram illustrating the binding of 
I-labeled MCP-3 to a membranes from a stable cell line 
(A31-293-20) obtained by transfecting 293 cells with the 
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A31 cDNA clone as compared with binding to membranes from 
untransfected 293 cells. Binding of labeled MCP-3 to 
membranes from transf acted (A3 1-20) or untransfected 
(UT293) cells was determined in the absence of cold MCP-3 
5 (0 nM) or in the presence of cold MCP-3 (100 nM) . 

Figure 21 is a histogram illustrating the specificity 
of binding, which was assessed by determining the amount of 
bound ^I-labeled MCP-3 which could be displaced by cold 
MCP-3 from membranes of transf ected (A3 1-20) or 
10 untransfected (UT293) cells* 

Detailed Description Q f th* Tnv.nt^n 

As described herein, nucleic acids encoding a novel 
human receptor, designated Eos L2 or C-c chemokine receptor 
3 (GKR-3) have been isolated. Both human genomic and cDNA 

15 clones have been characterized. The cDNA clone was 

isolated from an eosinophil cDNA library constructed from 
eosinophils obtained from a patient with hypereosinophilic 
syndrome. Sequence analysis of the clones revealed a gene 
containing an open reading frame of 1065 nucleotides 

20 encoding a predicted protein of 355 amino acids (Figures 
1A-1C and 2A-2B; SEQ ID NOS: 2 and 4), which shares amino 
acid sequence similarity with other C-c chemokine 
receptors, which are believed to be G protein-coupled 
receptors and to have a similar structure of seven 

25 transmembrane spanning regions. 

The predicted proteins encoded by CKR-3 genomic and 
cDMA clones contain four cysteine residues, one in each of 
the extracellular domains at positions 24, 106, 183 and 273 
(SEQ ID NOS: 2 and 4). Cysteines at these positions are 

30 conserved in all chemokine receptors, including CKR-l, 
CKR-2, CKR-4, IL8-RA and IL8-RB. In addition, this 
receptor contains an amino acid motif, DRYLAXVHA (residues 
130-138) (SEQ ID NOS: 2 and 4), which is also highly 
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conserved among c-x-c and C-c chemokine receptors and is 
predicted to be intracellular. There are two consent 
sites for protein kinase c phosphorylation (Kishimoto, A. 
et a!., J. Biol, Cham., 260: 12492-12499 (1985); Woodgett' 
J.R., to. J. Bioche.., l«s 177-184 (1986)), one in the ' 
third intracellular loop at AA position 231, „«, one in the 
cytoplasmic tail at AA position 333. in addition, there 
are eight serine/ threonine residues in the cytoplasmic 
tail, which may serve as phosphorylation sites for 
G-protein coupled receptor kinases such as those isolated 
from neutrophils (Haribabu, B. and R. Snyderman, Proc 
ffatl. Acad. Sci. USA, 90: 9398 (1993)) or other related 
family members (Benovic, J.L., and Gomez, J. , j. Biol 
Chem., 268: 19521-19527 (1993); Kunapuli, P., a„ d Be novic< 
J.L., Proc. Hatl. Acad. Sci. OSA, 90: 5588-5594 (1993)) 
Serine/threonine rich cytoplasmic tails are also a common 
feature of chemokine receptors. Unlike CKR-l, ckr-2 
CKR-4, IL-8RA and IL-8RB receptors, CKR-3 does not contain 
sites for N-linked glycosylation in any extracellular 
20 domain. The CKR-3 receptor protein is distinct from c-c 
chemokine receptor 1, also referred to as the mip-iq /RAKTES 
receptor. 

The nucleic acid sequences obtained from genomic and 
cDHA libraries were co-linear, with the following 

25 exceptions. Upstream of the initiation codon the two 
sequences diverge (at position 78 of Figure 2 A) . The 
genomic clone appears to have an intron which separates the 
promoter and most of the 5' untranslated region from the 
coding region. This genomic arrangement is similar to that 

30 found in other seven transmembrane-spanning chemoattractant 
receptors (Gerard, N.P., et al., Biochemistry, 32: 1243- 
1250 (1993); Murphy, P.M., et al., Gene, 133: 285-290 
(1993)) including IL-8 RA and RB (Ahuja, S.K., et al., J. 
Biol. Chem., 269: 26381-89 (1994); Sprenger, H. , et al., J. 

35 Biol. Chem., 269: 11065-11072 (1994); Sprenger, H. , et al., 
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Jnatinol., 1S3: 2524-2532 (1994)) and CKR-1 (Gao, J.L., 
et ml., J. Exp. Msd., nit 1421-1427 (1993)). Furthermore, 
examination of the genomic sequence around the point of 
divergence reveals a canonical splice acceptor sequence. 
5 initial sequence information revealed two regions in 

which the cDMA sequence appeared to be shifted in frame, 
resulting from an insertion of a base followed by the 
deletion of a base, or the deletion of a base followed by 
the insertion of a base. These alterations resulted in 
10 four contiguous amino acid differences in the predicted 
proteins at positions 263-266 and 276-279, respectively. 
Other differences led to amino acid differences at 
positions 182, 196, 197, and 315 of the predicted proteins. 
The nucleotide sequence presented in SEQ ID NO: 5 is a 
consensus sequence, which includes regions which were 
sequenced in both clones, and was constructed by simple 
alignment (base for base) of the initial nucleic acid 
sequences. SEQ ID NO: 6, in which the inital amino acid 
differences between the cDNA and genomic clones are 
indicated by Xaa, represents the predicted protein of SEQ 
ID NO: 5. However, further sequence analysis revealed that 
nucleotide sequences of the open reading frames appear to 
differ only at a position corresponding to nucleotides 918- 
919 of Figure 2B. The genomic clone has a CG at this 
position, while the cDNA clone has a GC at this position. 
Thus, the genomic clone codes for threonine (ACG) at 
position 276 and the cDNA clone codes for serine (AGC) at 
position 276. The difference may be due to a sequencing 
ambiguity, or an error introduced into the cDNA during 
30 reverse transcription. Alternatively, the conservative 

subsitution (serine/threonine) could be due to polymorphism 
between individuals. Another alternative is that the 
differences are due to mutation of the receptor gene in the 
eosinophils of the patient from which RNA for cDNA library 
35 construction was obtained. 
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r^ors"!" re8P ° n8a t0 ^-"ractanta, chemokine 
receptors pl.y a fundamental role in lcuJc migration 
ana^articuxan, in nlgration associated £^ ; 

Ch«.oki„. B , produced at sit „ ef in£laiBBatlon Md -«*««. 

rr2 < ?H 0n '/ PeCi£1Cally " CrUit " leCted leuko ^ -ubtypes 
fro. the circulation to the site of inflammation £ 

tissues, subsequent to che.oXine binding to a le^e 
cha-Ccine receptor, integrin activation occurs, ^ 
leukocytes adhere firmly to the endothelial cell w»n • 
10 -nd endothelial cell lelon " 

-olecules. The leukocytes become flat in shape, and 
»xgrate through the endothelium towards sites of 
inflation in the tissues. The specificity of a 
leukocyte for a tissue or inflammatory site la s„ 

interaction, rather than at the level of the adhesion 
interaction between integrin and cellular adhesion 
molecules. 

20 cvtok^ ^ MCP " 3 thS BOSt *° tent chemotactic 

2£L " eosinophils — ^ ile . i„ addition , 
RANTES xs reported to be a chemoattractwt for memory t 

KANTES a n n« P r ati °? * * As herein. 

RANTES a«d MCP-3 can induce chemotaxis of eosinophils and 

eosxnophil-like cells. CKR-3 receptor proteins Lcribed 
25 herein also bind RANTES and KCP-3 with high affinity. 

As is further shown herein, CKR-3 binds eotaxin 
speci llcally with high affinity (coaparaDle tQ ^ 

binding affinity observed with eosinophils) , and the CKR-3 
receptor is highly restricted in its expression. Although 

30 a number of chemoattractants have been identified for 

eosinophils, such as RANTES and mcp-3 (Baggiolini, m. and 
Dahinden, C.A., Immunol. Today, is: 127-33 (1994). 
Dahinden, C.A., et al., J. Exp. *ed., 179: 751-756 (1994). 
Kameyoshi, Y, et al., J. Exp. Had., i 76t 587-592 (1992); ' 

35 Rot, A., et al., J. Exp. Med., 176: 1489-1495 (1995)), as 
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well as PAF, C5a, and IL _ 16 (Wardlaw ^ 
Clin, mvest., 7B: 1701-1706 (^86^/1 

*». *ed., 1521 . i528 u',,' ' * 

5 J 1 " • the ffligration of ^^^r^^ 8 

in contrast, the che*o*ine eotaZ ^ C * U types « 

che.oattract.nt original^ ^ e ° 8ln <**" 

subsequently in BO J. ^ hu ^ ifi f" ^ Plg8 ^ 
for eosinophils (Jose Tj J 8<,leCtlv ^ ch«otactic 

17., 881-887 P * J " Bt *P- 

Ac ad. 5ci " i I I, ROthenbUr *' M « E - « -2., Proc. 

addition, eo^ ^ d8 T eSt ;' <" 96 > < in P"ss, , . In 
» W* degree oT fid el"tv 8ignalS ^ with a 

MCP-3, which bil ^r; "V™* t0 — **- such as 

- -I-. «... et 

CKR-3, or MIP- la , whlch binds " » ad ^io„ to 
«t -2., Cell, 72: 415-425 ,l 993 T p ^ (He0te ' K " 

expression of CKR-3 on 7 U " 5)) * The "stricted 
eotaxin hi nding ^o Z-T^T' "* ^ «* 
for the selective r!T Jl ' P ° tential -echanie. 

within tissue^ T\ n Tit Bigrati ° n ° f -sinophils 

recruits; Section into the skin at ,h 

aonkeys leads to *« , SXin °« rhesus 

JJJ 10 8elactivo eosinophil aiorafclon t 

**■ ^otaTof ^ U^^LL^ ^ t 
Clin, xnvest., {1996) (in press)) ( Mth ' P ' D " t 

Modulation of naamalian CKR-3 receptor functi^ 
according to the present invention, though ^ l lbltl 
or proaotion of receptor function, such T£Lt? ^ 
signalling or stiaulation of a cellule rib 

a cexiuiar response, provides 
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an effective and selective way of inhibiting or promoting 
leu.cocyt.-^iated inflatory action, particularly thai 
of eosinophils and/or T cells. Ligands, inhibitors and 
promoters of CKR-3 receptor function, such as those 
identified as described herein, can be used to modulate 
leukocyte function for therapeutic purposes. 

Eosinophils do not express the KIP-la receptor, and 

tLT< eXPre " 8ignlflcant « «*• of HCP-i receptor. In 
addition, as noted above, eotaxin and RANTES are some of 
the most potent chemoattractants for eosinophils, and 

toT"^ mnB bind 8peci£ ically and wlth hl * h -"imty 

to the CKR-3 receptor. As a major eosinophil and 
lyaphocyte chemokine receptor, the CKR-3 receptor is an 
important target for interfering with or promoting 

Tn^!f U and/ ° r T lyBphOC ^ e functio "' Compounds which 
inhibit or promote CKR-3 receptor function, such as 

ligands, inhibitors and promoters identified according to 

the present method, are particularly useful for modulating 

eosinophil and/or T cell function for therapeutic purposes. 

l*M?lti<? ftr1«lH construct i^ rrrr - 

The present invention relates to isolated and/or 
recombinant (including, e.g., essentially pure) nucleic 
acids having sequences which encode a mammalian (e g 
human) receptor protein designated Eos L2 or c-c Chemokine 
Receptor 3 (CKR-3) or a portion of said receptor, m one 
embodiment, the nucleic acid or portion thereof encodes a 
protein or polypeptide having at least one function 
characteristic of a mammalian C-C chemokine receptor (e.g 
a mammalian CKR-3 receptor) , such as a binding activity 
30 (e.g., ligand, inhibitor and/or promoter binding), a 
signalling activity (e.g., activation of a mammalian G 
protein, induction of rapid and transient increase in the 
concentration of cytosolic free calcium [Ca a+ ]j) , and/or 
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£^i i0n ° f a CellUlar rMpoMe Elation or 

chemotaxi., exocytosi. or inflatory Viator relea.!**, 

also relates more specirically to isolated and/or 
recombinant nucleic acids or a portion thereof cousin, 
sequences which encode • kalian CKR-3 receptor^ , 
portion thereof. r a 

recoJ!^ "r^ 10 " fUrther relates *» ****** «d/or 
"--binant nucleic acids that are characterized by m 
> their ability to hybridize to: (a , a nucleic acid hav ng 
tte sequence SEQ ID NO:l. SEQ ID NO:3 or SEQ id X0:5 Jb! a 
the cogent of any one of SEQ id N0S:l, 3 or S ,' c) ™ 
Portion of the foregoing comprising the coding region 

ot SEQ ID N0;3, or nucleotides 15-1079 of SEQ ID NO'S! L 

is substituted for T; or ( 2 , by their ability to encode a 
Polypeptide having the amino acid sequence SEQ id noT seq 
» NOM or seq id K0:e or a functional equivalents 
(i.e., a polypeptide having ligand binding activity for one 
L^STi " Phy8i0l °^ 1 of thetceltor 

such Lt I: at0tY fUnCti ° n reSP ° MiVe *° 

such that it can stimulate a cellular response (e a 

stimulation of chemotaxis, exocytosis or Llamma^ 

aediator release by leukocytes); or (3, by both 

characteristics. 

identSv°w eab0dittent ' PerCent * cid ^ence 

identity between SEQ id N0S:2, 4 or .5 and functional 

equivalents thereof is at least about 70% (* 70 %, . ln . 

preferred embodiment, functional equivalents of seq id 

li^'Jn Z 6 Share ^ lea8t 8 ° % Sequcnce ide ^ity 

with SEQ ID NOS:2, 4 or 6, respectively. More preferably 
the percent amino acid sequence identity between SEQ ID 
NOS: 2 , 4 or 6 and functional equivalents thereof is at 
least about 90%, and still more preferably, at least about 
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95%. isolated and/or recombinant nucleic acids Be «ti„a 
these criteria cerise nucleic acids having seances 
identical to .fences of naturally occurring ^ alian 
CKR-3 receptor, and portions thereof, or varlanTof 
naturally occurring sequences, such variants include 
-tants differing by the addition, deletion or suhs^ution 
of one or more residues, modified nucleic acids Tn t^T 

ZlZl: ^ COBPri8ing ° ne « — modified 

h Vh ri!r.? UCleiC aCidS " ** detected «* Elated by 
hybridisation under high stringency conditions or moderate 

co^ditT Cy M C ° nditl0n8 ' eXaapl - "«* Btringenc^ 
nuc^ " d W " 0derate 8tringenc ^ conditions- for^ 

nucleic acid hybridizations are explained on pages 2.10.x- 
2.10.16 (see particularly 2.10.8-u, and pages 6.3 i-s in 

are'in ' SUPPl * 1M1 >' cachings of „ hich 

-re incorporated herein by reference (see also 

Factors such as probe length, base composition, perc^t 

-ismatch between the hybridizing sequences, tempera^ and 

xonic strength influence the stability of nuclefTaJT 

hybrids. Thus, high or moderate stringency conditions can 

be determined empirically, depending in part upon the 

nuc"rc e a ri L tiCS ° f ^ t0 WhlCh 0th ~ ^"°wn 

nucleic acids are being compared for homology. 

isolated and/or recombinant nucleic acids that are 

ic a rrr ied by ^ abiuty *> • n U ciei C 

acid having the sequence SEQ id llos: i, 3 or 5 or the 
complements of any on. of SEQ id HQS: 1, 3 or 5 (e.g. under 
high or moderate stringency conditions) may further encode 
a protein or polypeptide having at least one function 
characteristic of a mammalian C-C chemokine receptor (e g 
a mammalian CKR-3 receptor), such as a binding activity' " 
(e.g., ligand, inhibitor and/ or promoter binding), a 
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signalling activity ( .. g ., activation of a mam»ai ian G 
protein, induction of rapid and transient incraa^ in t* e 
concentration of cytoaolic fraa calcium fe."],, , 

5 ^TT" ° £ * CellUlar ra8POn8e (e "-' s ^-«l-tion of 
5 chemotaxis, exocytoeis or inflammatory mediator releaee by 
leukocytes, intagrin activation). * 

The signalling function of a protein or polypeptide 
encoded by hybridizing nucleic acid can be detected by 
enzymatic aaaaya for c protein activity reaponaive to 
10 receptor binding (e.g., exchange of OTP for GDP on the c 
protein a aubunit, uaing membrane fractions) . g protein 

ITSaf! T * ' Urther aBSe " ed ' f ° r -** -"ays 

in which stimulation by c protein ia blocked by treatment 

or pre-treataent of cells or a suitable cellular fraction 
(e.g., membranes) with specific inhibitors of G proteins 
such as Bordetella pertussis toxin (Bischoff, s.c. et «/ 
ftur. J. Xamunol. 23: 761-767 (1993); Sozzani, s. et al "j 
immnol. 147: 2215-2221 (1991)). 

The stimulatory function of a protein or polypeptide 
10 encoded by hybridizing nucleic acid can be detLeTt 
standard assays for chemotaxis or mediator release, using 
cells expressing the protein or polypeptide (e.g., assays 
which monitor chemotaxis, exocytosis (e.g., of enzymes such 
as eosinophil peroxidase, ^-glucuronidase) or mediator 
5 release in response to a ligand (e.g., a chemolcine such as 
eotaxin, raktes or MCP-3) or a promoter. 

The binding function of a protein or polypeptide 
encoded by hybridizing nucleic acid can be detected in 
binding or binding inhibition assays using membrane 
0 fractions containing receptor or cells expressing receptor 
for instance (see e.g.. Example 9; Van Riper et al., j. 
£xp. Med., 177: 851-856 (1993); Sledziewslci et al./u s 
Patent Ho. 5,284,746 (Feb. 8, 1994)). Thus, the ability of 
the encoded protein or polypeptide to bind a ligand, such 
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a- eotaxin, RAHTES or MCP-3, an inhibitor and/or propter 
can be assessed. Functions characteristic of a mLailaT 
CKR-3 receptor may also be assessed by other suitable" 
methods (see below) . suitable 

These methods, alone or in combination with other 
suitable methods can also be used in procedures tor 
identification and/or isolation of nucleic acids Chief 
encode a polypeptide having the amino acid sequence ^ id 
»o. 2 4, 6 or functional equivalents thereof, and havino 
an activity detected by the assay. Portions of^L 

iTkoTT WhlCh &nC ° de *WJ* portions of 

SEQ id K0: 2 , 4 or 6 having a certain function can be also 
identified and isolated in this manner. 

th« /!! lei ? aCidS ° f PreSent inve "tion can be used in 
the production of proteins or polypeptides. For example a 
nucleic acid containing all or part of the coding seance 
for ™ CKR-3 receptor, or DNA which hybridizes to 
the sequence SEQ id KO: a, 3 or 5, or the complement of any 
• ° n 7 f SEQ 10 N0S i. ^ or 5, can be incorporated into 
various constructs and vectors created for further 
manipulation of sequences or for production of the encoded 
Polypeptide in suitable host cells. 

Nucleic acids referred to herein as -isolated" are 
nucleic acids separated away from the nucleic acids of the 
genomac DNA or cellular RNA of their source of origin 
(e.g.. as it exists in cells or in a mixture of nucleic 
acids such as a library) , and may have undergone further 
Processing, "isolated" nucleic acids include nucleic acids 
obtained by methods described herein, similar methods or 
other suitable methods, including essentially pure nucleic 
acids, nucleic acids produced by chemical synthesis, by 
combinations of biological and chemical methods, and 
recombinant nucleic acids which are isolated. Nucleic 
acids referred to herein as "recombinant" are nucleic acids 
which have been produced by recombinant DNA methodology. 
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including those nucleic acids that are generated by 
procedures which rely upon a method of artificial 
recombination, such as the polymerase chain reaction (PCR) 

5 ZZJ; ' lnt ° * VBCt0r "Miction en.ymJ } 

5 -Recombinant- nucleic acids are also those thatl^uTT, 
recombination evanta f*,.*. ^ result from 

M «h.„« that occur through the natural 

mechanisms of cells, but are selected for after the 

l oTa U „T2 t0 CellS ° f — C -ids dest^d to 
allow and ma*e probable a desired recombination^ . 

in another embodiment, the nucleic acid is an 

introduce too a cell u Sina Mthoat tooOT ^ ^ 
°th~ „u lt ,> le ..thod., ,„ tisen5 . nucleic , eld c .„*^^ it 

in on. Mbodi^nt, »„. MlBm ,, 
«.=lly » r partial!, e-pl^*^ to „ a M 

^ \ * " UCl * 1C * eld ""^ «» 8e °»«o« of th. 

complement of SEQ id no-i ^ * «> 

» nueleie , cld it or p , rti , u 7° 411Mnt ' 

~*>~"«r to and can hybrid, vlth a tarcat nucl.!. 
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Antisense nucleic acids are useful for a variety of 
purposes, including research and therapeutic applications 
For example, a construct comprising an antisense nucleic 
acid can be introduced into a suitable cell to inhibit 
receptor expression, such a cell provides a valuable 
control cell, for instance in assessing the specificity of 
receptor-ligand interaction with the parent cell or other 
related cell types. In another aspect, such a construct is 
introduced into some or all of the cells of a mammal. The 
antisense nucleic acid inhibits receptor expression, and 
inflammatory processes mediated by CKR-3 receptors in the 
cells containing the construct can be inhibited. Thus an 
inflammatory disease or condition can be treated using an 
antisense nucleic acid of the present invention, suitable 
laboratory animals comprising an antisense construct can 
also provide useful models for deficiencies of leukocyte 
function, and of eosinophil deficiency in particular, and 
provide further information regarding CKR-3 receptor 
function, such animals can provide valuable models of 
infectious disease, useful for elucidating the role of 
leukocytes, such as eosinophils and/or T lymphocytes, in 
host defenses. 

Mammal Inn wun ff ^ n ?jfl r 

Because advances in the understanding and treatment of 
human inflammatory and autoimmune diseases and of parasitic 
infections would be of tremendous benefit,, human CKR-3 was 
the species selected for most of the experimental work 
described herein. However, the approaches described to 
isolate and manipulate the genomic and cDNAs of human CKR-3 
(Eos L2) , to construct vectors and host strains, and to 
produce and use the receptor or fragments thereof, can be 
applied to other mammalian species, including, but not 
limited to primate (e.g. , a primate other than a human, 
such as a monkey (e.g., cynomolgus monkey)), bovine (e.g., 



SUBSTITUTE SHEET (ROLE 26) 



25 



30 



WOW/22J71 

PCIYUS9O0060S 

The human CKR-3 en** " OU8e) 8 P«cies. 

detect and/or recoverT , ""^ *" probes to 

other relate! ^^^iT^ ^ ~~ (h «-> « 

0 receptor genes) trT\l ' * ' 1 C_C 

be achie^a u ; in Tth e p^™^" technics,. Thia can 
suitable .ethodT Ascribed herein or other 

Proteins and p ftlT t1j riT 

„„,„ . P~'«l>>« or polyp.ptid«. produce by th. 

«pre».ion of r-cbi^nt nucloic .cid». 

^loiter . M/or p „. Mer b^,, . Z.llZ\^y 



SUBSTITUTE SHEET (ME 26) 



WOW/22371 

-26- 

ra^'aTf** 1 !" ° f a " a,nMlUan ° protein < Action of 
rapid and transit increase in the concentration of 
cytosolic fr.. calcium [C a- j( ,, and/or stimulation of a 
cellular r«pon». (e.g., stimulation of chemotaxis 

5 exocytosis or inflatory mediator release by ^ocvt* 
intagrin activation, . As such, ^ prote * 
to a. CKR-3 plains of mammalian orlgln or m J^ilT 
chemojcin. receptor 3 proteins, and include, foHxa^le 
naturally occurring mammalian CKR-3 recep^rn va^Tl of 

> those protein, and/or portions thereof. Such var^ 
include polymorphic variants and natural ortr^f icTal 
-utants, differing by the addition, deletion or 

° f ^ ° r B °" Mlin0 aCid or 
^ P^Ptides in which one or more residues is 
^ified, and mutants comprising one or more modified 
residues. An example would be a mammalian ckr-* ~„ * 
protein which binds eotaxin. BaBOaUan «*" receptor 

occuJ? " PartlCUlarly Preferred embodiment, like naturally 
occurring mammalian CKR-3 receptor proteins or 
Polypeptides, the mammalian CKR-3 receptors of the present 
invention have ligand binding function for one or more 
tJZl ° r PhySl0l09ical "*■*»(•> -nd/or stimulatory 
IZTlll re8P ° nSiVe t0 ***** «uch that they can 

stimulate a cellular response (e.g., stimulation of 

TZl^tl: eX ! CytOSiS ° r tory mediator release by 

leukocytes, . For example, in the case of a human chemokiL 

binder 3 Pr ° tein ' ^ i8 ° lated hUman ^ ^ein win 
bind the one or more natural or physiological ligand (s, . 
As shown herein, an isolated human ckr-3 protein binds 
eotaxin and RANTES specifically and with high affinity, ana 
specifically binds MCP-3. i„ one embodiment, a human CKR-3 

Ix^° r 4 Pr ° tein ° r P ° lyPeptide diggers chemotaxis, 

exocytosis or inflammatory mediator release by leukocytes 
in response to ligand binding. 
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The invention further relates to fusion protei„ B 
comprising a mammalian CKR-3 receptor protein or 
Polypeptide (as described above) as a first moiety. i inked 
to a second moiety not occurring in the mammalian^ 

be an amino acid or polypeptide. The first moiety can Z 

i: z;t m1 location ' c_terBinal locatlon -i-^i 

to the fusion protein. x» one embodiment, the fusion 
protein comprises a human CKR-3 receptor as the first 

?;,T * 8eC ° nd 1,101,11:7 "^"^ a linger sequence 
^affinity ligand (e.g., an enzyme, an antigen. 

Fusion proteins can be produced by a variety of 
is Z^T' f° r eXaBPle ' 80 " e «*°<"»ents can be produced by 

s^le ° °7 CKR " 3 ~ « P ° rtion into a * 

suitable expression vector, such as Bluescripfii SK +/ - 

^ res!!tl PGEX ' 4T ' 2 (Ph8rMCi ^ a " d P^"b (Novagen). 
«ii f 9 C ° nStrUCt 1S ^ intr ° dUCed inte » stable 
S 0 «f h! < eXPreSSion ' U P°" expression, fusion protein 

"> can be isolated or purified from a cell lysate by Jans of 

;2T le B r ty Batrlx (see — In 

«olecular Biology (Ausubel, F.M. et al., eds.. Vol 2 
SUPDI 26, pp. 16.4.W6.7.8 (1991),. In addltion ; ' 

5 or!ft ty l8belS Pr ° Vide a " ea " S ° f aet «*i"* CKR-3 receptor 

5 proteins or polypeptides present in a fusion protein. For 
example, the cell surface expression or presence in a 
particular cell fraction of a fusion protein comprising «„ 
antigen or epitope affinity label can be detected by means 
of an appropriate antibody (see, e.g., Example 3). 

0 The invention also relates to isolated and/or 

recombinant portions of a CKR-3 receptor of mammalian 
origin, such as a fragment of a human CKR-3 receptor As 
is described in more detail below, portions of a mammalian 
CKR-3 receptor can be produced (e.g., synthetic peptides) 

5 and used to produce antibodies, in one embodiment, an 
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isolated and/or recombinant portion (e.g., a peptide* «, 
selected ^ cKB-3 receptor has at ieast « 8 
illogical property. As used herein, with reference to 

"nounoreactivity (bound by antibodies raised against a 
«a*»alian CKR-3 receptor protein of the presentment, 
^eluding a portion thereof), i^^T^T^' 
antibody response against itself when used L a suuL" 
immunization protocol,, and/or cross -reactivity (i„d!c« 
^l^ 8 rMCtlVe ' — ed -a^iian L^ 8 

^rthe™ore, portions of a CKR-3 receptor having at^st 
one function characteristic of mammalian CKR-3 Lepto^I 
such as binding activity, signalling activity, oT ' 
stimulatory function (stimulation of a cellular response* 

and function of mammalian G protein-coupled receptors 
Provide the basis for being able to divide mammalian ckr 3 
receptors into functional domains (see e.g., x^C^t 

20 Wa^erfield "-J**"- 2 " ! 4 " 3 - 4 " 6 Panayotou and 

Waterfield. curr. Opinion Cell Biol., 1: 167 . 1V6 (1989) 

Furthermore, portions of the receptor can be produce" 11 L 
have full or partial function on their own, or whiL when 
iox„ed with another portion of a second receptor (though 
25 til' ° r ""f-nction^ alone, , constitute a 

25 functional protein having at least one function 
characteristic of a mammalian CKR-3 receptor (e g 
ligand-, inhibitor- or promoter-binding function, . ' (S ee 
e.g., Sledziewski et aJ., U.S. Patent No. 5,284,746 
regarding the construction and use of hybrid G 

,0 ^ in - C ° Upled " c «P to « - detecting the presence 

of ligand in a test sample) . 
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"l*ct ofth. inventi" rela^eTto I ^ of 
producing « mammalian CKR-3 receptor or a portion thereof 
Constructs suitable for the expression of a mammalilT^ 
receptor or a portion thereof are also provideT Z 
constructs can be introduced into a suitable host celi 

r^? XPre88in9 " reCOmbinant CKR-3 receptor or 

a portion thereof can be isolated and maintained in 
culture, such cells are useful for a variety of purposes 

iTull ! r0dUCtl ° n ° f Pr °^ lB ^cterixa^ 
Z det XT PUrifiCation ' « d ""ding assays for 
Uoana' IT«T ^ Ugand8 ' " inhlbit °" - Peters of 
i c^rit 9 :.!?^ — — - - —tic, 



including bacterial cells such" as 7 Z^ZZut^ 
or other suitable bacteria, or eucaryotic, such as fungaf 
or yeast cells (e.g., PicMa pastoris, Asper^us 
SaccAaxoayces cerevisiae, ScMzosaccharo^ycel pombe ' 

cl^sTrZT^' ° r ^ l0Wer -«^otic ceils! and 
cells of higher eucaryotes such as those from insects 
(e.g., Sf9 insect cells, or jamais (e.g., 293 cells, 
Chinese halter ovary cells (CHO, , . (S ee r e.g., Ausubel, 
F.M. et al., eds. current Protocols in /folecular Biology 
Greene Publishing Associates and John Wiley * sons inc^' 
(1993)). 1 AnC *' 

Host cells which produce a recombinant mammalian CKR-3 
receptor protein, portion thereof, or fusion protein can be 
produced as follows, a nucleic acid encoding all or part 
of the coding sequence for a mammalian CKR-3 receptor or 
fusion protein can be inserted into a nucleic acid vector 
e.g., a DNA vector, such as a plasmid, virus or other 
suitable replicon for expression. A variety of vectors are 
available, including vectors which are maintained in single 
copy or multiple copy, or which become integrated into the 
host cell chromosome. 
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rhB transcriptional and/or tran-i.^ 

«~>tor ~ L „^t" r °" °< ' 

Alternatively, auifhi. , ""** «»PreB.lon. 

Suit*,!. »=L ^t, I V * Ct ° r * —«««.. 

» .u or Part ot r ; r^sdn ; nucieic * e " — «■» 

receptor or t«.io„ "«»">"• '« . mmi^ m _ 3 

» — «f. ^ !T !T ~ ° r °° r, ■"««—*» control 

* promoter is orovid.* , or "ceptor). 

b-t cell. Proper.!" " T"" 1 "- ^ ' MlM > 1 ' 
- vector,. t>e pro.^" * " ~IL°o In 

«- encLa ZXil T " <,lr ' Ctin ' « 
*or procryoHcT, i.= , * " ~ *— 

(*»>. SV40, hoa« " COh01 

' cwv ' hosts are available 

- vector an* .„ IrZ^Zl^T ^ 
replicable expression vector <J™ t °*" ° £ 

** co«er .ntioiotic^^^L™"' 

select^!. mrkm , M bri'r.r ! oOT,,o " 

X-ct^e ,e„e ,^ llu l ^Z^lTC^ ' " 
tetracycline resists, ana eokaryot c ceUsTe ! 

Z^Z n L°LT°^ Ln "* i * t,n " — •• folate 
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r more of these components, and the resulting 

sele^-H , appropriate to the host cell 

selected (e.g.. transformation, transaction, 

-pproprxate for expression, e.g. in th» 
presence of inducer f« r, „ ^ 9 ' ln the 

antibiotic, nutritional supplements, etc. 
Antibp^^f. 

with a Th ^~l fUrther relat6S t0 antib0di " —ive 
rn a era 3 receptor or portion thereof. i„ one 

«*odi»ent, antibodies are raised against an isolated 

and/or recombinant mmmUm CKK-3 protein including 

Portions thereof (e.g., a peptide,, in a preferred 

re^T; <mtib0dieS B ^i"cally bind CKR-3 

receptor(s) or a portion thereof. 

oolv e , The , antlb ° dlC " °' thB Present Mention can be 
Polyclonal or monoclonal (see e.g., 5) aft !" 

term antibody is intended to encompass both polycionaTand 

proteLT ? 9 " 8t Bn appropriate ^ogen, including 
Proteins or polypeptides of the present invention, such Is 
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ieolated and/or recombinant mammalian CKR-3 receptor 

POrti ° n tha "° £ ' ° r ^-tic -olecul.., such as 
synthetic peptides, m addition, cells which express 
receptor, such as tranafected cells, can be used as 
immunogens or in a screen for antibody which binds 
receptor. See for example, Chuntharapai et al., j. 
Immunol. 152: 1783-1789 (1994)). 

Preparation of immunizing antigen, and polyclonal and 

10 ZZTl antlb0dy Pr0dUCti0 " CM * ^o-ed using any 
10 suitable technique. A variety of methods have been 

;;;;:, ib :vr ••••• Kohler ot ai - * t ™' 

(1975) and Sur. IjBBunoI . (1>? 

Nature 550-55* ,1977,; Koprowski et al., u.S 

15 4 ' 172 ' 124 '* H » rlow ' E « D. Lane, 1988, 

15 Antilles: a laboratory Kanuai, (Co id Spring Harbor 

laboratory: Cold spring Harbor, NY) ; Current Protocols In 
Molecular Biology, vol. 2 (Supplement 27, Summer '94) 
Ausubel, p.m. et al., Eds., (Jo hn Wiley . sons: Hew York, 
• ' IX. (199D). Generally, a hybridoma is 

20 produced by fusing a suitable immortal cell li„ e (e .g. a 
myeloma cell li„ e such as SP2/0) with antibody producing 
cells. The antibody producing cell, preferably those of 
the spleen or lymph nodes, are obtained from animals 
immunized with the antigen of interest. The fused cells 
(hybridomas) are isolated using selective culture 
conditions, and cloned by limiting dilution, cells which 
produce antibodies with the desired specificity are 
selected by a suitable assay (e.g., ELISA) . 

Single chain antibodies, and chimeric, humanized or 
30 priaatized (CDR-grafted) antibodies, as well as chimeric or 
CDR-grafted single chain antibodies, comprising portions 
derived from different species, are also encompassed by the 
present invention and the term "antibody". The various 
portions of these antibodies can be joined together 
35 chemically by conventional techniques, or can be prepared 
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10 r~ ^ • ~ 

no and Bird' H 

i"ox^:^j~rr ts - of 

antibody trwrt. c.eu.1. I? Por ««*Ple. 

«cptor or pL, ° ""^ to * *«»»"•» otH-3 

» =l„v.,. , r L r .!^r nt ; "-■■«— - by e„ Iy » tic 
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The antibodies of the present invention are useful in 
•variety of applications, including research, dCostic 
and therapeutic applications. For instance, they HT* 

. «TtT tT ate « ^i-^ertf 

futSon " reC6Pt0r C — ion) and 

The antibodies of the present invention can also be 
used to modulate receptor function in research 11 
therapeutic applications. For instance, antibodies can 

^o? or ; to r iblt (reduce or — > " 

(e.g., of a lagand, a second inhibitor or a promoter, to 
the receptor, (b) a receptor signalling. (c , and/ or a 
sti.ul.tory function. Antibodies which act as inhibitors 

dir"^ WOCk « P" H oter binotng 

directly or indirectly (e.g., by causing . conformational 
change,. For example, antibodies can inhibit receptor 
function by inhibiting binding of a lig and , or by 

lIgan^ iZati ° n ^ " inhibition «* Ending of a 

Antibodies which bind receptor can also act as 
agonists of receptor function, triggering or stimulating a 
receptor function, such as a signalling and/or a 
stimulatory function of a receptor (e.g., chemotaxis 
exocytosis or pro-inf lavatory mediator release, upon 
binding to receptor. 

In addition, the various antibodies of the present 
invention can be used to detect or measure the expression 
or receptor, for example, on leukocytes such as 
eosinophils, basophils, and lymphocytes, or on cells 
transfected with a receptor gene. Thus, they also have 
utility in applications such as cell sorting (e.g., flow 
cytometry, fluorescence activated cell sorting, , for 
diagnostic or research purposes. 

Anti-idiotypic antibodies are also provided. Anti- 
idiotype antibodies recognize antigenic determinants 
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•ntibody. Anti-i d i otypic antibody can be Tr^L 
against second antibody bv im , m u< P«P«red a 

■pecies, and prefer^ £ ^^/ n ^^ « the sa»e 

• -ed to produce tb. SL^.tT. ? 

No. 4,699,880. See e.g., U.S. Patent 

in one embodiment, antibodies are raised aM < no- 
receptor or a Barf< M 4-u iBea «o«inst 

> 1^1 w ^ 40 e* 0 * 1 " « "tl-ldiotyple antibody. 

YP1C a "tibody can also be an inhibitor of 

nzr fm,oti °"' ■ " — -trrjL 

to raise an anti-idiotypic antibody (i e 

to ori9iM1 

««i-idlotypic Mitibodl.. can b. propar.d. and 
*r.g~nf or .uch „ tib0 di.. can al M „. pr.p.L 
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Rflggptftr mnffllpn 

As used herein, a ligand is a substance which bind* * 
a receptor protein. A lig .nd of a selected £££££ 
5 receptor is a substance which binds to the se^ 

wunaiian receptor, m one embodiment, a ligand can bi^ 
sezectivexy to two or more mammalian chemoKine L^ors 

trrjz^-j: ii::r ed ^ ------ 

ln t ™»"an CKR-3 receptor occurs with high affinitv 

^iteTto li9and r ers to subetances ^«»<> ™ 

J^L ' * natUral li9 ' nd ' Whether i80l «*«* *nd/or 
^r 1 ' 8yn f etiC ' and >~ "eminent, a homolog of a 
natural ligand (e.g., froa another mmal) # antibod 

portions of such molecules, and other substances which bind 
15 receptor, a natural ligand of a selected mammalia! 
receptor can bind to the receptor under physiological 

H^at oTthT 18 V ° ri9in VMCh 18 — 

as that of the mammalian CKR-3 receptor. The term ligand 

encompasses substances which are inhibitors or promoters of 

LT^ r ibt ivity ' " wel1 as 8Ubstances which ^ 

lack inhibitor or promoter activity. 

i-MfclT U8 ! d herSin ' M inhibitor is • stance which 
inhibits at least one function characteristic of a 

25 C '° CheBOklne «~ l*« * mammalian CKR-3 

25 ««eptor,, such as a binding activity (e.g., i igand , 

inhibitor and/or promoter binding) , a signalling activity 

(e.g., activation of a mammalian G protein, induction of 

rapid and transient increase in the concentration of 

cytosolic free calcium (Ca'+J,,, and/or stimulation of a 

30 cellular response. The term inhibitor refers to substances 

including antagonists which bind receptor (e.g., an 

antibody, a mutant of a natural ligand, other competitive 

inhibitors of ligand binding), and substances which inhibit 
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«c.ptor function without bind!*, thereto (e.g. an 
anti-idiotypic antibody) . ' 

As used herein, a promoter- i« , 
pro**- (iBduCM or J^^.t"T^7 

a UU,- _ , "™"" n c = eto»*lii« Mentor (e.g., 
f. • , < r *°* ptor| binding .ctlvitv 

r««- to •ub.^c. * 

fwwtlon .itbout binding «,««. (..,., „» 

•••oclat.a prot.in). "1- ««lv.ti«g «„ 

« MltIbl . (or hl9h . throughp)it * ~ ;,y;~ 11 - 

«U. »hlch contain and , 11Dr .„ , nuel . lc £ 

P".«t invantlon ar. particularly valuabl. ta id.ntt fylw , 
inhibit. . M of reMpto "'^ 
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Toil? Mn inCOrporat - i "•-Pressien eyste» to 
Reduce a receptor protein or polypeptide as described 

!Ll iS 7 "° «»bina„t receptor protein or 

^lypeptide, such as a receptor expressed in cells stably 
or transiently transfected with a construct comprising a 
nucleic acid of the present invention, or in a^li 
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f"ff°? (e ' 9 *' MranB f «^o« to- transfer cells) 
contain r.c.pt or , can * used in test. for^L^ 
function. The receptor can be further purif i J „ 
S —or function can be carr^oM L ^"or 

nrn . i8 ° 1<lted ' "coabinant mammalian CKR-3 receptor 

r^rrr re ~ ptor - — 

figure ia-ic (see also, SEQ id N0:2), Pigure 2A-2B 
also, SEQ ID hou, or SEQ io ho:«, ruse^n Je 
10 present method, in which the effect of a compound Ts 
assessed by monitoring receptor function as described 
herein or using other suitable techniques. Fo r example 
l^ll Z tranSfCCtant8 ' — « A31 /2 ^ 0 ' 

Satf^T ^ (8ee e ' 9 " ^ble 
tranfectants of mouse U - 2 pre-B cells (see e.g., 

3), baculovirus infected Sf 9 cells (see e.g., LmpieT) 
can be used i„ binding assays> stable ^^^'J > ' 

L1 ; 2 f» or of other suitable cells capable 

of chemotaxis can be used (see e.g., Example 3, in 
chemotaxis assays, for example. 

According to the »ethod of the present invention 
co-pounds can be individually screened or one or more 
compounds can be tested simultaneously according to the 
-thods herein, where a mixture of compounds is tested, 
the compounds selected by the processes described can be 
separated (as appropriate) and identified by suitable 
methods (e.g., PCR , sequencing, chromatography). The 
presence of one or more compounds (e.g., a ligand, 
inhibitor, promoter) in a test sample can also be 
30 determined according to these methods. 

Large combinatorial libraries of compounds (e g 
organic compounds, recombinant or synthetic peptides, ' 
"peptoids", nucleic acids) produced by combinatorial' 
chemical synthesis or other methods can be tested (see 
35 e.g., zuckerman, R.n. et al., j. Wec f. chem., 37: 2678-2685 
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(1994) and references cited therein; see also «k, 

M.H.J, et al., Proc. Acad . s ^ 

(1993) and DeKitt, S.H. et al., ^ Ttl . I ^ 

90:6909-6913 (1993) rB „ H . I Sci ' °«* 

_ . ' / U ' S * Pat * nt Mo - 5,010,175; Huebner. V D 

O.s. Patent Mo. 5,182 ass- et 
_ . f/ioi^aee; and Gey sen. h m n » 

Wnain, in . , uit ^ u bind V^ f ". r " £~ t 

to receptor is fie i fl ^ * . Phage bound 

further enrich for phage which bind receptor. The 

displayed polypeptide is characterized il « k 

Phaae hhai m* , «wracxerized (e.g., by sequencing 

anTfu^ «. ********* identified can be produced 

DrtfTT ^ li9and bindln ^' inhibitor and/or 
promoter function. Analog, of such peptides can bT 

produced which will have increased stability or o^er 
d«.ir»bl. proptttl... ' "" r 

in on. Mbodiwnt. ph.,. .xpr...i n , ,„ a di.pl.yln, , 
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tergal peptide encoded by rando. .equex.ce nucleic acid, 
can b. produced, suitable hot cell, expressing . receptor 
protein or polypeptide of the present invention are 
contacted with the phage, bound phage are selected 
5 fevered and characterised. (See e.g., Doorbar, j. ^ G 
Winter, a. Hoi. s iol ., 244: 361 . dl8CU8Bing . J^ *' 

display procure used with a G protein-coupled receptor) 

Other sources of potential ligands, inhibitors and/or 
Procters of a mammalian CKR-3 receptor include, but are 
10 not lifted to, substance, such as other chemoa^.ctan^s 
(e.g., anaphylatoxin csa and bacterial foraylated 

aTr^J fHU> i ,; 0th " r Che "° kineS «* 
as a mammalian chemokine fro. the sane mammal as the 

15 rT P T' fr ° B an0th6r mmAl for a hu »»" «-Ptor, 

15 a homolog of a huaan chemokine obtained from a non-human 

source,; variants of other chemoattractants or chemokines, 
such as naturally occurring, synthetic or recombinant 
variants; other mammalian CKR-3 receptor ligands, 
inhibitors and/or promoters (e.g., antibodies, antagonists 
o agonists,, and variants thereof; other G -protein co!pied 
receptor ligands, inhibitors and/or promoters (e.g. 
antagonists or agonists,; and soluble portions of a 
nammalian CKR-3 receptor, such as a suitable receptor 
peptide or analog which can inhibit receptor function (see 
5 e.g., Murphy, R.B., WO 94/05695,. 

The i„ vitro method of the present invention can be 
used in high-throughput screening. These assays can be 
adapted for processing large numbers of samples (e.g., a 96 
well format,. For such screening, use of a host cell' 
expressing receptor, instead of isolated eosinophils, is 
preferred because of the difficulty in isolating 
eosinophils. 

For binding assays, high level expression of receptor 
in a suitable host cell is preferred. Expression of 
receptor can be monitored in a variety of ways. For 
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instance, expression can be monitored using antibodies of 
the present invention which bind receptor or a portion 
thereof. Also, conaercially available antibodies can be 
used to detect expression of an antigen- or epitope-tagged 
fusion protein comprising a receptor protein or polypeptide 
(e.g., FIAG tagged receptors; see Example 3). 

Bindlfier Epflnyp 

The isolated and/or recombinant receptor proteins, 
portions thereof, or suitable fusion proteins of the 
present invention, can be used in a method to select and 
identify compounds which bind to a (one or more) mammalian 
CKR-3 receptor protein, such as human CKR-3 receptor, and 
which are ligands, or potential inhibitors or promoters of 
receptor activity. Compounds selected by the method, 
including ligands, inhibitors or promoters, can be further 
assessed for an inhibitory or stimulatory effect on 
receptor function and/or for therapeutic utility. 

In one embodiment, compounds which bind to an active, 
isolated and/or recombinant mammalian CKR-3 receptor 
protein or polypeptide are identified by the method, m 
this embodiment, the receptor protein or polypeptide used 
has at least one function characteristic of a CKR-3 
receptor, such as a signalling activity (e.g., activation 
of a mammalian G protein), stimulatory function (e.g., 
stimulation of chemotaxis or inflammatory mediator 
release), and/or binding function (e.g., ligand, inhibitor 
and/or promoter binding) . m a particularly preferred 
embodiment, the isolated and/or recombinant mammalian CKR-3 
receptor protein or polypeptide has ligand binding 
function, such that it binds a natural ligand of the 
receptor. 

For example, an isolated and/or recombinant mammalian 
CKR-3 receptor protein or polypeptide can be maintained 
under conditions suitable for binding, the receptor is 
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contacted with a compound to be tested, and bindl^ is 
detected or assured, in one embodiment, a receptL 
protein can be expressed in cells stably or transiently 
transfected with a construct co-prising a nucleic actd 
5 sequence which encodes a receptor of the present invention 
The cells are Maintained under conditions appropriate! 
expression of receptor. The cells are cont^eTw^ a 
compound under conditions suitable for binding (e.g in a 
suitable binding buffer,, and binding is detected * 

XT teChniqUeS * T ° neaSUre the extent of 

binding can be determined relative to a suitable control 
(e.g., compared with background determined in the absence 
of compound, compared with binding of a second compound 
(i.e. , a standard, , compared with binding of compound to 
15 untransf ected cells,, optionally, a cellular fraction 
such as a membrane fraction, containing receptor can be 
used xn lieu of whole cells (see e.g., ExampL 9, 

in one embodiment, the compound is labeled with a 
suitable label (e.g., fluorescent label, isotope label, 
"> and binding is determined by detection of the Lbel ' 
Specificity of binding can be assessed by competition or 
displacement, for example, using unlabeled compound or a 
second ligand as competitor. 

Ligands of the mammalian receptor, including natural 
5 ligands from the same mammalian species or from another 
species, can be identified in this manner. The binding 
activity of a promoter or inhibitor which binds receptor 
can also be assessed using such a ligand binding assay. 

Binding inhibition assays can also be used to identify 
0 ligands, and inhibitors and promoters which bind receptor 
and inhibit binding of another compound such as a ligand. 
For example, a binding assay can be conducted in which a 
reduction in the binding of a first compound (in the 
absence of a second compound) , as compared binding of the 
5 first compound in the presence of the second compound, is 
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detected or measured. 



a - — , 13x0 "ceptor can be contacted with 

other, in either order. A reduction in the extent of 
binding of the first coapound in the presence of ^TselL 

LTr' 18 lndlCatiVe ° f inhi ^ion of binding ^ thT 
-econd coapound. For exaaple, binding of the firlt 
coapound could be decreased or abolished. 

in one eabodiaent, direct inhibition of the biding of 

10 hu^ 8 ^ < ?° Und (e ' 9 - 8 SUCh " «*™*> to I 

10 huaan CKR-3 receptor by a second test coapound is 

7T£T+: ° XIUBPlB ' abUit ^ <* - coapound to 

inhibit the binding of '"l-iabeled RAKTES or ^I-labeled 

brZir^ Uaan ^ Can ^ such an assay can 

15 TltZ T; U8ing eithCr Whole (e.g., butyric acTd. 

15 differentiated HL-60 cells, or a suitable cell lL 

containing nucleic acid encoding a huaan CKR-3 receptor, or 
a aeabrane fraction froa said cells, for instance. 

Other aethods of identifying the presence of a 
coapound( S , which bind a receptor are available, such as 
20 aethods which aonitor events which are triggered by 
receptor binding, including signalling function and/or 
stiaulation of a cellular response (See below). 

J^ WU1 ^ Understood «»t the inhibitory effect of 
2S T ^ ^ Pre " nt inventi °" be assessed in a 

25 binding inhibition assay. Coapetition between antibodies 

whLhT^ bindin9 CM alS ° be a8SeS8ed in «- ^ 
which the first coapound in the assay is another antibody 

under conditions suitable for antibody binding. 

3 o Li r ndS ' 88 Wal1 88 ""P^r-bihding inhibitors (e.g., 

30 antagonists, a„d proaoters (e.g., agonists,, which are 
identified in this aanner, can be further assessed to 
determine whether, subsequent to binding, they act to 
inhibit or activate other functions of CKR-3 receptors 
and/or to assess their therapeutic utility. 
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SltmalUng Abhyb 

The binding of a ligand or promoter, such as an 
agonist, can result in signalling by a a protein-coupled 
receptor, and the activity of G proteins is stimulated 
The induction of induce signalling function by a compound 
can be monitored using any suitable method. Por example g 
protein activity, such as hydrolysis of GTP to GOP, or ' 
later signalling events triggered by receptor binding, such 
«s induction of rapid and transient increase in the 
concentration of intracellular (cytosolic) free calcium 
fCa + Jj, can be assayed by methods known in the art or 
other suitable methods (see e.g., Neote, X. et ai., celi 
72: 415-425 1993); Van Riper et al., j . Exp. *ed., i 77: ' 
851-856 (1993); Dahinden, C.A. et al., J. Exp. Ked., l 79 . 
751-756 (1994). * 

The functional assay of Sledziewski et al. using 
hybrid G protein coupled receptors can also be used to 
monitor the ability a ligand or promoter to bind receptor 
and activate a G protein (Sledziewski et al., U.S. Patent 
No. 5,284,746, the teachings of which are incorporated 
herein by reference) . 

A biological response of the host cell (triggered by 
binding to hybrid receptor) is monitored, detection of the 
response being indicative of the presence of ligand in the 
test sample. Sledsiewski et al. describes a method of 
detecting the presence of a ligand in a test sample, 
wherein the ligand is a compound which is capable of being 
bound by the ligand-binding domain of a receptor, in one 
embodiment of the method, yeast host cells are transformed 
with a DMA construct capable of directing the expression of 
a biologically active hybrid G protein-coupled receptor 
(i.e., a fusion protein). The hybrid receptor comprises a 
mammalian G protein-coupled receptor having at least one 
domain other than the ligand-binding domain replaced with a 
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corresponding domain of a yeast G protein-coupled receptor 
such as a STB2 gen. p roduct . The yeast host cell, 
containing the construct are maintained under conditions in 
which the hybrid receptor is expressed, and the cells are 
5 contacted with a test sample under conditions suitable to 
permit binding of ligand to the hybrid receptor. The assay 
is conducted as described and the biological response of 
the host cell (triggered by binding to hybrid receptor) is 
-onitored, detection of the response being indicative of a 
10 signalling function. 

For instance, an assay is provided in which binding to 
a hybrid receptor derived from STE2 gene product leads to 
induction of the BAR1 propter. Induction of the promoter 
is measured by means of a reporter gene (0-gal) , Whicn is 
linked to the BARl promoter and introduced into host cells 
on a second construct. Expression of the reporter gene can 
be detected by an in vitro enzyme assay on cell lysates or 
by the presence of blue colonies on plates containing an 
indicator (X-gal) in the medium, for example. 
20 m another embodiment, the assay is used to identify 

potential inhibitors of receptor function. The inhibitory 
activity of a compound can be determined using a ligand or 
promoter in the assay, and assessing the ability of the 
compound to inhibit the activity induced by ligand or 
25 promoter. 

Variants of known ligands can also be screened for 
reduced ability (decreased ability or no ability) to 
stimulate activity of a coupled G protein, m this 
embodiment, although the compound has ligand binding 
activity (as determined by another method in advance or 
later) , engagement of the receptor does not trigger or only 
weakly triggers activity of a coupled G protein. Such 
compounds are potential antagonists, and" can be further 
assessed using a suitable assay. For instance, the same 
assay can be conducted in the presence of a ligand or 
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promoter, and the ability of the compound to inhibit the 
activity of a ligand or proaoter is assessed. 

Ch«ngtflXlfl and Abswvs et e»n^m r st^n.^^ 

Cheaotaxis assays can also be used to assess receptor 
function. These assays are based on the functional 
migration of cells in vitro or in vivo induced by a 
compound, and can be used to assess the binding and/or 
cheaoattractant effect of ligands, inhibitors, or 
proaoters. The use of an in vitro transendothelial 
cheaotaxis assay is described in Example l. Springer et 
al. describe a transendothelial lymphocyte cheaotaxis assay 
(Springer at al., wo 94/20142, published September 15, 
1994, the teachings of which are incorporated herein by 
reference; see also Beraan et al., Immunol Invest. 17- 625- 
15 677(1988)). Migration across endotheliua into collagen 
gels has also been described (Kavanaugh et al., j. Immunol 
146: 4149-4156 (1991)). 

Stable transfectants of mouse Ll-2 pre-B cells or of 
other suitable host cells capable of cheaotaxis can be used 
20 (see e.g., Example 3) in cheaotaxis assays, for example. 
As is further described herein eosinophilic-like cell 
lines, such as the butyrate differentiated HL60 line which 
elaborates a CKR-3 receptor, can also be incorporated into 
cheaotaxis assays. 

Generally, cheaotaxis assays monitor the directional 
movement or migration of a suitable cell (such as a 
leukocyte (e.g., lymphocyte, eosinophil,, basophil) ) into or 
through a barrier (e.g., endothelium, a filter), toward 
increased levels of a compound, from a first surface of the 
30 barrier toward an opposite second surface. Membranes or 
filters provide convenient barriers, such that the 
directional movement or migration of a suitable cell into 
or through a filter, toward increased levels of a compound, 
from a first surface of the filter toward an opposite 
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.eeond surface of the filter, is monitored. i„ 80 «e 
a-saya, the mambrane ia coated with a aubatance to 
facilitate adheaion, auch aa ICAM-I, fibronectin or 
collagen. 

5 For example, one can detect or measure the migration 

l tl?el B lll B T bl * C ° ntainer <— *- meat fL 
a f irat chamber into or through a microporoua membrane into 
a aecond chamber which contains a compound to be tested 
«nd which ia divided from the first cLber JH ' 

fT™!: ? 8Ultable Beabrane ' • stable pore siae 

^ludi„a° r f 9 8PeClfiC Bi9rati0n in reSP ° n " to compound, 
~le^T T CXa " Ple ' nitroce1 ^-^ Polycarbonate, is 
selected. For example, pore sizes of about 3-a aicr o„s 
and preferably about 5-8 microns can be used. Pore ITzL 

Z.s^ f : a on a fiiter or within * — - — Me 

th e J?/ 8 "" Bigrati ° n ' 1116 dista "« °f migration into 
the filter, the number of cells crossing the filter that 
remain adherent to the second surface of the filter, and/or 
the number of cells that accumulate in the second chamber 
can be determined using standard techniques (e.g 
microscopy) . ln one e^^, ^ cellg ^ 

a detectable label (e.g., radioisotope, fluorescent label 
antxgen or epitope label, , and migration can be assessed by 
determining the presence of the label adherent to the 
oeabrane and/or present in the second chamber using an 
appropriate method (e.g., by detecting radioactivity, 
fluorescence, immunoassay, . The extent of migration' 
induced by a compound can be determined relative to a 
suitable control (e.g., compared to background migration 
determined in the absence of the compound, to the extent of 
migration induced by a aecond compound (i.e., a standard), 
compared with migration of untransfected cells induced by 
the compound) . 
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Chambers can be formed fro. various solids, such as 
Plastic, glass, polypropylen., polystyrene, ate 
which are detachable from the chambers, such as . Wo3 
(^laborative Biomedical Products, or Txante" ("st" 
fridge, MA) culture insert, facilitate counting^ent 

in the container, the filter is situated so as to be 
in contact with fluid containing cells in the first 

ZTZl flUld ln 8eCOnd other than 

the test compound or additional ligand, inhibitor, or 

e^e?Lr ei T ^ V"* 0 ** 0t the ^e fluid on 

either side of the membrane is preferably the same or 

substantially similar. The fluid in the ch^mbLTcal 

tZl ca\f r ° tCin 8 ° 1Uti0n8 (e * g - ^ 
fetal calf serum, human serum albumin) which may act to 

increase stability and inhibit nonspecific binding of 
cells, and/or culture media. 

In a preferred embodiment, particularly for 
eosinophils, eosinophil-like cells, lymphocytes, or cells 
^pressing a CKR-3 receptor, transendothelial migration is 
monitored. A transendothelial migration assay is 
preferred. Such assays are better physiological models 
because they more accurately recapitulate in vivo 
conditions in which leukocytes emigrate from blood vessels 
toward chemoattractants present in the tissues at sites of 
inflammation by crossing the endothelial cell layer lining 

^werTv 1 Wal1 * ^ additi ° n ' t »»«**h.U*l assays have 
lower background (signal to noise ratio) . 

In this embodiment, transmigration through an 

30 endothelial cell layer assessed. To prepare the cell 

layer, endothelial cells can be cultured on a microporous 

filter or membrane, optionally coated with a substance such 

as collagen, fibronectin, or other extracellular matrix 

proteins, to facilitate the attachment of endothelial 

35 cells. Preferably, endothelial cells are cultured until a 
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confluent aonolayer is formed, a variety of aaaaalian 
endothelial en. can . r . available for monolIyeT 
foraation, including for exaaple, vain, artery or 
-icrovascular endothelium, such a. huaan umbilical vein 
endothelial cells (Clonetics Corp, San Diego, CA) or a 
suitable cell line, such a. the ECV 304 cell line used in 

^Zll 1 - T ° 88Say *»«*axi- in response to a particular 
»-»ali« receptor, endothelial cell, of the same Mraal 
are preferred; however endothelial cells from a 
heterologous aaaaalian species or genus can also be used 

^r erally ' ttS8ay 18 performed ^ detecting the " 
directional .ioration of cell, into or through a aeabrane 
or filter, in a direction toward increased levels of a 
coapound, froa a first surface of the filter toward an 
opposite second surface of the filter, wherein the filter 
contains an endothelial cell layer on a first surface. 
Directional aigration occurs froa the area adjacent to the 
first surface, into or through the aeabrane, towards a 
compound situated on the opposite side of the filter. The 
20 concentration of coapound present in the area adjacent to 
the second surface, is greater than that in the area 
adjacent to the first surface. 

In one eabodiaent, a cheaotaxis is used to test for 
ligand or proaoter activity of a coapound, a coaposition 
coaprising cells capable of aigration and expressing a 
■aaaalian CKR-3 receptor are placed in the first chamber 
and a coaposition coaprising the coapound to be tested is 
Placed in the second chamber, preferably in the absence of 
other Uganda or promoters capable of inducing cheaotaxis 
of the cells in the first chamber (having cheaoattractant 
function) . However, one or aore Uganda or promoters 
haying cheaoattractant function aay be present. Compounds 
which can bind receptor and induce chemotaxis of the cells 
expressing a aaaaalian CKR-3 receptor in this assay are 
35 ligands or proaoters of receptor function. 
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in one embodiment used to test for an inhibitor a 
composition comprising cells capable of migration ana 
expressing a mammalian CKR-3 receptor are placed in the 
first chamber. A composition comprising one or more 
. ligands or promoters capable of inducing chemotaxis of the 
cells in the first chamber (having chemoattractant 
function) is placed in the second chamber. Either shortly 
before the cells are placed in the first chamber or 
simultaneously with the cells, a composition coaprising the 
compound to be tested is placed, preferably, in the first 
chamber. Compounds which can bind receptor and inhibit the 
induction of chemotaxis, by a ligand or promoter, of the 
cells expressing a mammalian CKR-3 receptor in this assay 
are inhibitors of receptor function (i.e., inhibitors of 
15 stimulatory function). A reduction in the extent of 

migration induced by the ligand or promoter in the presence 
of the test compound, is indicative of inhibitory activity 
(see e.g., Example 5) . Separate binding studies (see 
above) could be performed to determine whether inhibition 
is a result of binding of the test compound to receptor or 
occurs via a different mechanism. 

In vivo assays which monitor leukocyte infiltration of 
a tissue, in response to injection of a compound in the 
tissue, are described below (see Models of Inflammation) . 
These models measure the ability of cells to respond to a 
ligand or promoter by emigration and chemotaxis to a site 
of inflammation. 

In addition to the methods described, the effects of a 
ligand, inhibitor or promoter oh the stimulatory function 
of the receptor can be assessed by monitoring cellular 
responses induced by active receptor, using suitable host 
cells containing receptor. Similarly, these assays can be 
used to determine the function of a receptor. For 
instance, exocytosis (e.g., degranulation of eosinophils 
leading to release of eosinophil cationic protein and/or 
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onc or .ore enzyaas, or other granule component. , r., 

ot histamine from basophils), inf lan^torTZilLr'"" 

" r — «* "-tive lipids ^J^S^T 
J. £xp. #fed\, 175: 1489-1495 U9MM M . w 
^•g-, Bischoff. s.c. et *J t „ =wioos. See 

10 " 1 " a " 4 ' ™* cited thej^ 

assay for enzyne activity. 

C£MBM r\ BedlUB Ca " be a88ayed dl "<*^ by introducing 
components of the assay (e.g., substrate, co-factors 
25 antibody) into the medium (e.g., before BiB11 ! 

or »ft-» oerore, simultaneous with 

or after the cells and compound are combined) . 

STO!?*™ 1 *' " 8ay Can »«*«-> on medium which 

3 frM tte ceiis 

30 ° Xai " Ple ' ^"^nient assays for are available for 

(White, s.r. et al., a kinetic assay for e 08 i„ 0 p hll 
peroxidase activity in eosinophils and eosinophil 
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conditioned media, j. immanol. Methods, 144(2): 257-63 

Stimulation of degranulation by a compound can be 
indicative that the compound is a ligand or promoter of a 
5 mammalian CKR-3 receptor, in another embodiment, 

inhibition of degranulation is indicative of an inhibitor. 
In this embodiment, the cells expressing receptor are 
combined with a ligand or promoter, and a compound to be 
tested is added before, after or simultaneous therewith. 

10 Models of Tnfn»— ««, 1ftn 

A variety of in vivo models of inflammation are 
available, which can be used to assess the effects of 
ligands, inhibitors, or promoters in vivo as therapeutic 
agents. 

For example, primate models with eosinophilic 
infiltration to the lung, are available for in vivo testing 
(see e.g., Wegner, CD. et al., Science, 247: 456 (1990)). 
in one embodiment, an antibody (e.g., a monoclonal 
antibody) which reacts with human CKR-3, and which cross- 
reacts with primate CKR-3, is administered to the animal. 
A number of parameters can be measured to assess in vivo 
efficacy including, but not limited to, the number of 
eosinophils in broncoalveolar lavage fluid, respiratory 
compliance, and respiratory rate. A decrease in symptoms 
25 of airway hypersensitivity is indicative of therapeutic 
benefit. 

In addition, a sheep model for asthma, a guinea pig 
model for passive cutaneous anaphylaxis, or other suitable 
model can be used to assess compounds in vivo (see e.g., 
30 Weg, v.B. et aj., J. Exp. Med., 177: 561 (1993); Abraham, 
H.M. et al., J. clia. Invest., 93: 776 (1994)). 

In addition, leukocyte infiltration upon intradermal 
injection of a compound into a suitable animal, such as 
rabbit, rat, or guinea pig, can be monitored (see e.g., Van 
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Damae J. at al., J. j&rp. wed., 176: 59-65 (1992); 
Zachariae, C.O.c. at al., J. £*p. Nad. 171: 2177-2182 
(1990); Jose, P.J. at al., J. jExp. /fad. 179: 881-887 
(1994)). in one embodiment, akin biopsies are assessed 
5 histologically for infiltration of leukocytes (e.g., 

eosinophils, granulocytes) . in another embodiment, labeled 
cells (e.g., stably transrectal cells expressing a CKR-3 
receptor, labeled with u, ln for example) capable of 
cheaotaxis and extravasation are administered to the 
10 animal. Infiltration of cells in response to injection of 
a test sample (e.g. , a compound to be teeted in a suitable 
buffer or physiological carrier) is indicative of the 
presence of a ligand or promoter, such as an agonist, in 
the sample. These assays can also be modified to identify 
15 inhibitors of chemotaxis and leukocyte extravasation. For 
example, an inhibitor can be administered, either before, 
simultaneously with or after ligand or agonist is 
administered to the test animal. A decrease of the extent 
of infiltration in the presence of inhibitor as compared 
20 with the extent of infiltration in the absence of inhibitor 
is indicative of inhibition. 

Diagnose A rr n rfir1rnn 

The present invention has a variety of diagnostic 
applications. These applications include, but are not 

25 necessarily limited to the applications discussed herein. 
Mutation (s) in genes encoding a mammalian CKR-3 
receptor protein can cause defects, in at least one function 
of the encoded receptor, thereby reducing or enhancing 
receptor function. For instance, mutations which produce a 

30 variant of receptor or alter the level of expression, can 
reduce or enhance receptor function, reducing or enhancing, 
the inflammatory processes mediated by receptor. 
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For example, the methods of detecting or measuring 
receptor function can be used to characterize the activity 
of receptors in cells (e.g. , leukocytes) of an individual 
or of receptors isolated from such cells, m these assays, 
reduced or enhanced receptor function can be assessed. 

The nucleic acids of the present invention provide 
reagents (e.g., probes, PCR primers) which can be used to 
screen for, characterize and/or isolate a defective 
■ammaliah CKR-3 receptor gene, which encodes a receptor 
having reduced or enhanced activity. Standard methods of 
screening for a defective gene can be employed, for 
instance. A defective gene and the activity of the encoded 
receptor can be isolated and expressed in a suitable host 
cell for further assessment as described herein for 
■ammalian CKR-3 receptors. A number of human diseases are 
associated with defects in the function of a G-protein 
coupled receptor (Clapham, D.E., Cell, 75: 1237-1239 
(1993); Lefkowitz, R.J . , Nature, 365: 603-04 (1993)). 

The antibodies of the present invention have 
application in procedures in which receptor can be detected 
on the surface of cells. The receptor provides a marker of 
the leukocyte cell types in which it is expressed, 
particularly in eosinophils. For example, antibodies 
raised against a receptor protein or peptide can be used to 
25 count cells expressing receptor. Cell counts can be used 
in the diagnosis of a variety of diseases or conditions in 
which increased or decreased leukocyte cell types (e.g., 
hypereosinophilia, for example in hypereosinophilic 
syndrome; hypoeosinophilia) are observed. The presence of 
an increased level of eosinophils in a sample obtained from 
an individual can be indicative of eosinophil infiltration 
due to an inflammatory disease or condition, such as 
asthma, or an infection such as a parasitic infections. 
Alternatively, or in addition, the antibodies can be used 
to sort cells which express receptor from among a mixture 
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of cells. Suitable methods for counting and/or sorting 
cells can be used for this purpose (e.g., flow cytometry, 
fluorescence activated cell sorting). 

Furthermore, the antibodies can be used to detect or 
5 measure decreased or increased expression of receptor in 
various diseases or conditions in which inflammatory 
processes of leukocytes are altered (e.g., increased or 
decreased relative to a suitable control, such as the level 
of expression in a normal individual). For example, 

10 leukocytes (e.g., eosinophils, lymphocytes such as T 

lymphocytes, monocytes, basophils) can be obtained from an 
individual and a suitable immunological assay (e.g., ELISA, 
FACS analysis) can be used to assess the level of 
expression. The level of expression of a mammalian CKR-3 

15 receptor can be used in the diagnosis of a disease or 

condition in which increased or decreased expression of a 
mammalian CKR-3 receptor is present. 

Transgenic An^fllff 

Transgenic animals, in which the genome of the animal 

20 host is altered using recombinant DNA techniques, can be 
constructed. In one embodiment, the alteration is not 
heritable (e.g., somatic cells, such as progenitor cells in 
bone marrow, are altered) . In another embodiment, the 
alteration is heritable (the germ line is altered). 

25 Transgenic animals can be constructed using standard 

techniques or other suitable methods (see e.g., Cooke. M.P. 
et ml., Cell, 6S: 281-291 (1991) regarding alteration of T 
lymphocytes; Hanahan, D., Science, 246: 1265-1275, (1989)). 
In one aspect, an endogenous mammalian CKR-3 receptor 

30 gene can be inactivated or disabled, in whole or in part, 
in a suitable animal host (e.g., by gene disruption 
techniques) to produce a transgenic animal. Nucleic acids 
of the present invention can be used to assess successful 
construction of a host containing an inactivated or 
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disabled CKR-3 gene (e.g., by Southern hybridization). In 
addition, successful construction of a host containing an 
inactivated or disabled CKR-3 gene can be assessed by 
suitable assays which monitor the function of the encoded 
5 receptor* 

In another embodiment, a nucleic acid encoding a 
mammalian CKR-3 receptor protein or polypeptide is 
introduced into a suitable host to produce a transgenic 
animal. In a preferred embodiment, endogenous CKR-3 
10 receptor genes present in the transgenic animals are 

inactivated (e.g., simultaneously with introduction of the 
nucleic acid by homologous recombination, which disrupts 
and replaces the endogenous gene). For example, a 
transgenic animal (e.g., a mouse, guinea pig, sheep) 
capable of expressing a nucleic acid encoding a mammalian 
CKR-3 receptor of a different mammalian species (e.g., a 
human) in leukocytes (such as eosinophils, lymphocytes 
(e.g., T lymphocytes) can be produced, and provides a 
convenient animal model for assessing the function of the 
20 introduced receptor. In addition, a compound can be 

administered to the transgenic animal, and the effect of 
the compound on an inflammatory process mediated by 
receptor can be monitored in a suitable assay ((see e.g., 
Weg, V.B. et al., J. Exp. Med., 177: 561 (1993); Abraham, 
25 W.M. et al., J. Clin. Jnvest., 93: 776 (1994)). In this 
manner, compounds which inhibit or promote receptor 
function can be identified or assessed for in vivo effect. 

Methods of Therapy 

Modulation of mammalian CKR-3 receptor function 
30 according to the present invention, through the inhibition 
or promotion of at least one function characteristic of a 
mammalian CKR-3 receptor, provides an effective and 
selective way of inhibiting or promoting leukocyte-mediated 
inflammatory action. One or more ligands, inhibitors 
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and/or promoters of CKR-3 receptor function, such as thoee 
identified as deecribed herein, can be used to modulate 
leukocyte function for therapeutic purposes. 

As major eosinophil and lymphocyte chemokine 
receptors, mammalian CKR-3 receptors provide a target for 
interfering with or promoting eosinophil and/or lymphocyte 
function in a mammal, such as a human. Consistently 
co-localization of T cells and eosinophils is observed in 
certain inflammatory infiltrates. Thus, compounds which 
inhibit or promote CKR-3 receptor function, such as 
ligands, inhibitors and promoters identified according to 
the present method, are particularly useful for modulating 
eosinophil and/or lymphocyte function for therapeutic 
purposes. 

Thus, the present invention provides a method of 
inhibiting or promoting an inflammatory response in an 
individual in need of such therapy, comprising 
administering a compound which inhibits or promotes 
mammalian CKR-3 receptor function to an individual in need 
20 of such therapy. 

In one embodiment, a compound which inhibits one or 
more functions of a mammalian CKR-3 receptor (e.g., a human 
CKR-3 receptor) is administered to inhibit (i.e., reduce or 
prevent) inflammation. As a result, one or more 
inflammatory processes, such as leukocyte emigration, 
chemotaxis, exocytosis (e.g., of enzymes, histamine) or 
inflammatory mediator release, is inhibited. For example 
eosinophilic infiltration to inflammatory sites (e.g., in' 
asthma) can be inhibited according to the present method. 

In another embodiment, a compound which promotes one 
or more functions of a mammalian CKR-3 receptor (e.g. , a 
human CKR-3 receptor) is administered to stimulate (induce 
or enhance) an inflammatory response, such as leukocyte 
emigration, chemotaxis, exocytosis (e.g., of enzymes, 
histamine) or inflammatory mediator release, resulting in 
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the beneficial stimulation of inf lammatory processes. For 
exaaple, eosinophils can be recruited to combat parasitic 
infections. 

In addition to primates, such as humans, a variety of 
other mammals can be treated according to the method of the 
present invention. For instance, mammals including, but 
not limited to, cows, sheep, goats, horses, dogs, cats, 
guinea pigs, rats or other bovine, ovine, equine, canine, 
feline, rodent or murine species can be treated. However, 
the method can also be practiced in other species, such as 
avian species (e.g., chickens). 

Diseases and conditions associated with inflammation 
and infection can be treated using the method, in a 
preferred embodiment, the disease or condition is one in 
15 which the actions of eosinophils and/or lymphocytes are to 
be inhibited or promoted, in order to modulate the 
inflammatory response. 

Diseases or conditions of humans or other species 
which can be treated with inhibitors of CKR-3 receptor 
20 function, include, but are not limited to: 



10 



• inflammatory or allergic diseases and conditions, 
including respiratory allergic diseases such as asthma, 
allergic rhinitis, hypersensitivity lung diseases, 
hypersensitivity pneumonitis, eosinophilic pneumonias 

25 (e.g., Loeffler's syndrome, chronic eosinophilic 
pneumonia), interstitial lung diseases (ILD) (e.g., 
idiopathic pulmonary fibrosis, or ILD associated with 
rheumatoid arthritis, systemic lupus erythematosus, 
ankylosing spondylitis, systemic sclerosis, Sjogren's 

30 syndrome, polymyositis or dermatomyositis) ; systemic 

anaphylaxis or hypersensitivity responses, drug allergies 
(e.g., to penicillin, cephalosporins), insect sting 
allergies; inflammatory bowel diseases, such as Crohn's 
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disease and ulcerative colitis; spondyloarthropathies; 
scleroderma; psoriasis and inflammatory dermatoses such as 
dermatitis, eczema, atopic dermatitis, allergic contact 
dermatitis, urticaria; vasculitis (e.g., necrotizing, 
5 cutaneous, and hypersensitivity vasculitis) ; 



• eosinphilic myositis, eosinophilic fasciitis; 

• autoimmune diseases, such as rheumatoid arthritis, 
psoriatic arthritis, multiple sclerosis, systemic lupus 
erythematosus, myasthenia gravis, juvenile onset diabetes, 

10 glomerulonephritis, autoimmune thyroiditis, Behcet's 
disease; 



• graft rejection (e.g., 
including allograft rejection 

• cancers with leukocyte 
15 .organs; 



in transplantation) , 

or graft-versus-host disease; 

infiltration of the skin or 



• other diseases or conditions in which undesirable 
inflammatory responses are to be inhibited can be treated, 
including, but not limited to, reperfusion injury, 
atherosclerosis, certain hematologic malignancies, 
20 cytokine-induced toxicity (e.g., septic shock, endotoxic 
shock), polymyositis, dermatomyositis. 

Diseases or conditions of humahs or other species 
which can be treated with promoters of CKR-3 receptor 
function, include, but are not limited to: 



25 • immunosuppression, such as that in individuals with 

immunodeficiency syndromes such as AIDS, individuals 
undergoing radiation therapy, chemotherapy, therapy for 
autoimmune disease or other drug therapy (e.g., 
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corticosteroid therapy) , which causes immunosuppression; 
imminosuppression due congenital deficiency in receptor 
function or other causes; 

• infectious diseases, such as parasitic diseases, 
5 including, but not limited to helminth infections, such as 
nematodes (roundworms); (Trichuriasis, Enterobiasis, 
Ascariasis, Hookworm, Strongyloidiasis, Trichinosis, 
f ilariasis) ; trematodes (fluxes) (Schistosomiasis, 
Clonorchiasis) 9 cestodes (tape worms) (Echinococcosis, 
10 Taeniasis saginata, Cysticercosis) ; visceral worms, 
visceral larva migrans (e.g., Toxocara) , eosinophilic 
gastroenteritis (e.g., Anlsaki spp., Phocanema ssp.), 
cutaneous larva migrans (Ancylostoma braziliense, 
Ancylostoma caninum) • 

15 Eosinophils as the Target Cell in Certain Inflammatory 
Reactions, Particularly Asthma 

Eosinophils are produced in the bone marrow and 
circulate to the tissues, predominantly to mucosal tissues, 
such as the lungs, gastrointestinal tract, and 

20 genitourinary tract. Eosinophils typically constitute 1-3% 
of leukocytes in the blood. However, in people suffering 
from allergic diseases and helminthic parasitic infections, 
increased eosinophil accumulation occurs in the tissues or 
the blood. Eosinophils accumulation can be both beneficial 

25 and detrimental to the host. 

For example, eosinophils possess numerous granules, 
containing cat ionic proteins. Degranulation of eosinophils, 
triggered, for example , by the engagement of IgG, XgA, or 
IgE receptors, or by stimulation by inflammatory mediators 

30 such as platelet-activating factor (PAF) , leukotrienes, or 
chemokines, leads to release of the components in the 
granule. Products from eosinophils also cause damage to 
host cells. The most damaging are the cationic proteins, 
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vhich are detectable in elevated concentrations in patients 
with asthma. Eosinophils also generate a number of 
inflammatory mediators, including Leukotriene C4, and 
platelet-activating factor (PAT) . These mediators contract 
5 airway smooth muscle, promote the secretion of mucus, alter 
vascular permeability, and elicit further eosinophil and 
neutrophil infiltration. 

Eosinophils are involved in the initiation and 
maintenance of allergic/ asthma diathesis. Thus, in a 

10 preferred embodiment, the method can be used to treat 

asthma or hypersensitivity (allergic) states, particularly 
those involving mucosal tissues, as well as in other 
eosinophil-associated diseases. In a particularly 
preferred embodiment, a compound which inhibits one or more 

15 function of a mammalian CKR-3 receptor (e.g., a human CKR-3 
receptor) is administered to an individual with asthma. 

Eosinophils are clearly important in the host defense 
against and destruction of, large, nonphagocytable 
organisms, such as multicellular helminthic parasites. 

20 Eosinophils are also important effector cells in immune 
reactions against other pathogens that induce high levels 
of IgE antibodies. Accordingly, the method can be used to 
treat infectious diseases, such as parasitic diseases, to 
stimulate or promote inflammatory defenses, or to suppress 

25 inflammatory responses which are destructive to the host. 

Eosinophils and Asthma Pathogenesis 

Asthma is characterized by the* obstruction of the 
airways or bronchi, and results from a bronchial 
hyperresponsiveness and rapid constriction in response to a 
30 wide range of pharmacological mediators. Chronic 

inflammation of the bronchial mucosal lining is widely 
believed to play a fundamental role in the development of 
asthma. 
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Xntense infiltration of the bronchial mucosa with 
eosinophils, macrophages and lymphocytes is observed in 
asthma and other hypersensitivities. Often the selective 
migration of eosinophils to inflamed airways can be 
5 striking, and appears to result from the selective binding 
of eosinophils to endothelium and extraction from the 
blood. Eosinophils in particular are implicated as the 
causative agents of bronchial mucosal injury. Studies of 
asthmatic patients suggest that blood eosinophil counts 

10 correlate with the degree of bronchial hyperresponsiveness. 
In addition, bronchial biopsies and bronchoalveolar lavage 
fluid from asthmatics show a clear relationship between the 
degree of eosinophilia and clinical severity. Thus, there 
is a strong connection between the presence of eosinophils 

15 and adverse immune reactions, particularly in asthma. 
A major chemokine receptor on eosinophils and 
lymphocytes, that functions in selective leukocyte 
chemotaxis, extravasation and activation in response to 
. chemoattractant , provides an excellent target for 

20 interfering with eosinophil recruitment. For example, 

administration of an inhibitor of at least one function of 
a mammalian (e.g., human) CKR-3 receptor, such as by 
inhibiting chemokine binding thereto, can provide an 
effective and selective way of treating asthma. By 

25 reducing or preventing recruitment (extravasation, 

infiltration) of leukocytes, particularly eosinophils, to 
inflamed lung and airway tissues, and/or reducing leukocyte 
function in those tissues, the destructive inflammatory 
processes of asthma can be inhibited, and the symptoms 

30 alleviated. 

There is evidence that the blockage of eosinophil 
recruitment to the lung can alleviate the symptoms of 
asthma. Administration of a monoclonal antibody reactive 
with a4 integrin was reported to inhibit the accumulation 

35 of eosinophils into the lung and airways, and blocked the 
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airway hyperresponsiveness to antigen challenge in sheep. 
In a primate model of asthma, a monoclonal antibody to 
ICAM-1 is reported to attenuate airway eosinophilia and 
hyperresponsiveness. In addition, in a guinea pig model 
5 for passive cutaneous anaphylaxis, in vitro pretreatment of 
eosinophils with the anti-a4 monoclonal was reported to 
suppress eosinophil accumulation, (see Wegner, CD. et 
el.. Science, 247: 456 (1990); Weg, V.B. et al., J. Exp. 
Med., 177: 561 (1993); and Abraham, W.M. et al., J. Clin. 
10 Jnvest., 93: 776 (1994) regarding these models). 

Modes of Administration 

According to the method, one or more compounds can be 
administered to the host by an appropriate route, either 
alone or in combination with another drug. An effective 

15 amount of a compound (e.g., a receptor peptide which 

inhibits ligand binding, an antibody or antibody fragment) 
is administered. An effective amount is an amount 
sufficient to achieve the desired therapeutic effect, under 
the conditions of administration , such as an amount 

20 sufficient for inhibition or promotion of a CKR-3 receptor 
function, and thereby, inhibition or promotion, 
respectively, of an inflammatory response. 

A variety of routes of administration are possible 
including, but not necessarily limited to oral, dietary, 

25 topical, parenteral (e.g., intravenous, intraarterial, 

intramuscular, subcutaneous injection), inhalation (e.g., 
intrabronchial , intranasal or oral, inhalation, intranasal 
drops), routes of administration, depending on the disease 
or condition to be treated. For respiratory allergic 

30 diseases such as asthma, inhalation is a preferred mode of 
administration. 

Formulation of a compound to be administered will vary 
according to the route of administration selected (e.g., 
solution, emulsion, capsule) . An appropriate composition 
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comprising the compound to be administered can be prepared 
in a physiologically acceptable vehicle or carrier. For 
solutions or emulsions, suitable carriers include, for 
example, aqueous or alcoholic/aqueous solutions, emulsions 
5 or suspensions, including saline and buffered media. 

Parenteral vehicles can include sodium chloride solution, 
Ringer's dextrose, dextrose and sodium chloride, lactated 
Ringer's or fixed oils. Intravenous vehicles can include 
various additives, preservatives, or fluid, nutrient or 
10 electrolyte replenishers (See, generally, Remington 'e 

Pharmaceutical Science. 16th Edition, Mack, Ed. 1980). For 
inhalation, the compound can be solubilized and loaded into 
a suitable dispenser for administration (e.g., an atomiser, 
nebulizer or pressurized aerosol dispenser) . 



is BmrairiCATipff 

The present invention will now be illustrated by the 
following Examples, which are not intended to be limiting 
in any way. 

BWffLB 1 

20 Chemotactic Properties of Human Eosinophils and 

ftn Epglnophilic-LirK? Cell Line 

ChgiftPtflxis Qt Hmnan Eosinophil? 

To identify antagonists of eosinophilic chemokine 
receptor (s), it is necessary to identify the important 

25 chemokines for eosinophil chemotaxis, and determine the 
receptor (s) that these chemokines are binding to. 
Chemotaxis experiments were performed in a sensitive and 
improved chemotaxis assay, which employs an endothelial 
cell line grown on the polycarbonate membrane of the 

30 chemotaxis well. 
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Isolation of EesiTtrmhJIq 

100 ml of heparinized blood was diluted 1:1 with PBS. 
20 ml aliguots were layered over 65%, 75% Per coll step 
gradients. The gradients were centrifuged at 1500 rpm, 25 
5 sin at room temp* The eosinophil/neutrophil layers were 
transferred to a new tube and erythrocytes lysed by 
addition of 20 mis 0.2% KaCl for 1 min followed by the 
addition of 30 mis 1.8% NaCl. Cells were washed twice with 
a buffer consisting of PBS, 0.5% BSA, 0.5 mM EDTA. Cells 

10 were resuspended at 5 x 10 7 cells/50 pi in cold buffer 

(PBS, 0.5% BSA, 0.5 mM EOT A) and SO Ml CD16 microbe ads were 
added to the cells. The mixture was incubated at 4 # C for 
25 min followed by the addition of 900 Ml cold buffer. The 
miniMACS* 4 separation unit (Miltenyi Biotec, Inc., Auburn 

15 CA 95603) was used to deplete CD16 positive cells 

(neutrophils) • Cells were loaded onto the column in 200 Ml 
aliquots. Flow-through cells were collected and assessed 
histologically. The eosinophil prep was > 99% pure. 

ChOTtotaxig Assay 

20 Chemokines were obtained from Peprotech, Inc. (RocJcy 

Hill, N.J.)* Chemotaxis experiments were performed using 
3.0 micron Biocoat cell culture inserts (Collaborative 
Biomedical Products), in 24 well plates. Endothelial cells 
were grown to conf luency on the inserts for two days prior 

25 to chemotaxis experiments. The endothelial cells used were 
a cell line termed ECV 304 (European Collection of Animal 
Cell Cultures, Porton Down, Salisbury, U.K.), which 
expresses endothelial cell markers such as von Willebrand 
factor, as well as XGAM-1 and VCAM-1. This endothelial 

30 cell line greatly facilitates these assays, since human 

umbilical vein endothelial cells can be variable in nature, 
can be used for only several passages, and grow much more 
slowly than ECV 304. The assay was conducted at 37 °C for 
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1.5 hours, and migrated cells were counted using an 
inverted microscope. 

BMUl ^e results, presented in Figure 4, are representative 
. * i»« ot five experiments. Growth of ECV 304 

Mck ^d 1,T.tio„ 1~t oo^.Wly. Eo.in=phll. 

to tr^ndot^li.! Ch«»«xi. .—V 
Xtion to . .< «*-*««.. P""" 1 """^ 

10 HO-), «* to » i««r aw HCP-l. MIP-lp. It-B. MCP 2. 

L oh-ot«tio for .o.inophll. In «^"""' 
"L^h 9 .~»U, ... in-«iv.. » the.. ^ 

.1^1 of .o.inophil oh.-t.xi. to KMTTK «CP-3. 

I f rmnr - tr n. — " ' ««'™" 

25 laboratories have found that HL-60 cells 

down an eosinophilic pathway (Tagari, P. * al. , Int. 

30 oho.ot.etio properti.. « t KErES) , 

20% fetal calf serum (PCS) at o.a x 
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.=ia <«- ^\z\Ti r~™'V"* 

•7Y C - ^.w, e.11. 1. i"*i««d W th. auction 

«. nottMii blot mlyf « ™.Mtor» wet* induced 

b.l«0 =c„fir»d th.t .i»ll.r t„ 

l0 on th... dif»r«ti.t- HL-.O ell. ttat ~. 

those on eosinophils. 

« rrlirr selection nirt Pwl«m d and 

Fi ve c h e»o*in ; JJ^^'^^. ^nucleotides 
compared to generate a set of deg ef novel 

f or use in PCR (Polymerase Chain ^ > m of 

chemokine receptors from * ither ^ type of 

inducible receptor-l (EBI1R) aligned by 

hand based on a number of p , IL , 8WJ , 
Holmes et al., Science 253. 127 1 ^ m) ; 

30 Kurphy, P.A. et al., Science 253.^ ^ ^ ; 

MiPlo/RANTES , Heote, K. et ., < 2209 -2220 
EBI1R, Birkenbach, M. et al., J. Vxro 
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(1993); and BLRl (Dobner, T. et al., Bar. J. Immunol., 22: 

2795-2799 (1992)). 

Sequences, within transmembrane (TO) regions 2, 6 and 7 
as well as a region just c-terainal to TM3 were selected as 
» targets for degenerate oligonucleotide design based on the 
high degree of sequence similarity. The nucleotide 
sequences of the degenerate oligonucleotide primers are 
illustrated in the Table below. 
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Eosinophil Isolation and Purification 

100 ml of heparinated blood was diluted 1:1 with PBS. 
20 ml aliguots were layered over 65%! 75% Percoll step 
gradients. The gradients were centrifuged at 1500 rpm, 25 
5 min at room temperature. The eosinophil/neutrophil layers 
were transferred to a new tube and erythrocytes lysed by 
addition of 20 mis 0.2% NaCl for 1 minute followed by the 
addition of 30 mis 1.8% NaCl. Cells were washed twice with 
a solution of phosphate buffered saline (PBS) , 0.5% Bovine 

10 Serum Albumin (BSA) , 0,5 AM ethylenediaminetetraacetic acid 
(EDTA) . Cells were resuspended at 5 x 10 7 cells/50 jil in 
cold buffer (PBS, BSA, EDTA solution) , and 50 /tl CD 16 
microbeads were added to the cells. The mixture was 
incubated at 4°C for 25 min followed by the addition of 900 

15 Ml cold buffer. The miniMACS™ separation unit (Hiltenyi 
Biotec, Inc., Auburn, CA 95603) was used to deplete CD16 
positive cells (neutrophils) . Cells were loaded onto the 
column in 200 pi aliguots. Flow-through cells were 
collected and assessed histologically. By this criteria, 

20 the eosinophil prep was > 99% pure. 

mRNA isolation and PCR 

mRNA for RT-PCR (Reverse transcription-polymerase 
chain reaction) was extracted directly from purified cells 
using the Micro-FastTrack™ mRNA isolation kit purchased 
25 from Invitrogen. Quality of the mRNA was evaluated by PCR 
amplification of 0-actin and/or GAPDH ( g lycer aldehyde- 3- 
phosphate dehydrogenase) mRNA prior to use with 7TKS 
degenerate primers. 

20-50 ng of mRNA was reverse transcribed using a 
30 GeneAmp* RNA PCR kit (Perk in- Elmer) with oligo dT and/ or 
random hexamers as primers in a 20 *xl final volume as 
specified by the manufacturer. 2-5 ^1 of this cDNA 
(reverse transcribed eosinophil message) was mixed with 200 
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MM dNTPs and 50*100 pmol of degenerate primers in a 50 Ml 
volume. Magnesium concentration and pH were optimized for 
each primer pair. The magnesium concentration ranged from 
1.0 to 3.0 mM and pH ranged from 8.5 to 10.0. Although 
5 various cycle parameters vera also evaluated, the 

conditions generally used were similar to the following: 
3 cycles: 94 # C, 30 sec; 37»C, 30 sec; 2 min ramp to 72°C, 
1 min, followed by 30 cycles: 94°C, 45 sec; 48°C, 1 min; 
72 # C, l min. (ramp - gradual increase). 

10 With regard to the 201 bp fragment isolated (see 

below), primer pairs 2a-l and 7-1, or primer pairs 2a-l and 
3R, were used in a PCR reaction (as described above) in 60 
mM Tris-HCl, pH 9.5 and 1.5 mM MgCl 2 . One fxl of product 
from each reaction was used in a separate (second) round of 

15 PCR with "nested" primers 2a-2 and 3R. ("Nested" primers 
are primers which hybridize to sequences within the outside 
primers.) Reaction conditions for the nested PCR were 
exactly as described for the first PCR. 

PCR products were assessed and separated by agarose 

20 gel electrophoresis, and appropriately sized fragments were 
purified and subcloned using the pCR-Script™ SK+ cloning 
kit (Stratagene) . (Appropriate fragment sizes are as 
follows: for PCR with primer pairs from regions 2a and 7 
(see Table above) , -700 bp; for PCR with primers from 

25 region 2a and primer 3R, -200 bp; for PCR with primer 3F 
and primers from region 6b, -400 bp, and for PCR with 
primer 3F and region 7 primers, -550 bp.) Expected 
fragment sizes were predicted based upon the hypothesis 
that a related receptor protein would share some structural 

30 similarity. 

Rapid Screening Assay 

In order to screen a large number of clones quickly 
for novel members of the 7TMS family, the inserts of 
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bacterial colonies obtained as described above (i.e., 
transformants of plasmids comprising appropriately sized 
fragments subcloned into pCR-Script SK+) , were screened by 
PCR using T3 and KS primers complementary to the sequence 
5 flanking the polylinker of pCR-Script™ . In particular, a 
portion of a bacterial colony from an overnight 
transformation was mixed directly with 40 Ml of a PCR 
mixture containing 200 jiM dNTPs, 20 mM Tris, pH 8.5, SO mM 
KC1, 2.5 mM MgCl 2 , 50 pmol each primers and 0.25 units Taq 

10 polymerase. Cycle conditions were 25 cycles: 94°C, 20 sec; 
55*C, 20 sec; 72 # C, 30 sec. Inserts of the correct size 
were identified by evaluating 20 Ml of PCR product on 1.5% 
agarose gels. The remaining 20 pi of the reaction was 
digested with Alu I, Hha I, and Rsal (triple digestion) 

15 and resolved on a 12% polyacrylamide gel to screen for 

different digestion patterns. Clones of different patterns 
were then selected for sequence analysis. 

Results 

Sequence analysis of PCR fragment, generated from 
20 degenerate oligos, identified a 201 bp partial cDNA clone 
in pCR-Script. (The degenerate oligos were 2a-l, 2a-2, 3F, 
3R and 7-1) . This partial clone, designated Eos L2 (also 
referred to as L2 and EL2), was found to have 78.3% amino 
acid similarity (81.1% nucleic acid similarity) to the 
25 KIPla/RANTES receptor and 60.8% amino acid similarity 

(61.6% nucleic acid similarity) to the MCP-1 receptor. A 
search of the most current sequence data bases revealed 
this partial clone to be unique. 

Southern and Northern Analysis 

30 The PCR fragment was labeled and used to probe both 

Southern and Northern blots. To prepare the PCR probe, the 
201 bp fragment was released from the pCR-Script vector 
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with restriction enzymes EcoRI and Not I. This digested 
resulted in a fragment of 240 bp comprised of the 201 bp 
fragment plus 39 base pairs of polylinker from the vector. 
The fragment was separated from vector by electrophoresis 
5 through agarose gel, and purified by (Magic Mini Prep, 
Promega Corp. Madison, WI) exactly as recommended by the 
manufacturer. Approximately 200 ng of material was labeled 
with the Random Primed DNA Labeling Kit purchased from 
Boehringer Mannheim following the manufacturer's 

10 recommended labeling protocol. 

For Southern blots, genomic DNA (purchased from 
Clontech Laboratories, Inc., Palo Alto, CA) was digested 
with restriction enzyme overnight and separated by 
electrophoresis on a 0.7% agarose gel followed by capillary 

15 transfer to Hybond-N nylon membrane (Amersham) . 

Hybridization was in 6x SSC (Ix SSC is 0.15 M sodium 
chloride, 0.015 M sodium citrate) containing 5x Denhardt's 
solution (ix Denhardt's solution is 0.02% bovine serum 
albumin, 0.02% ficoll, 0.02% polyvinylpyrolidone) , 10% w/v 

20 dextran sulfate, 2% SDS, and sheared salmon sperm DNA (100 
Ag/ml) overnight at 65 # C. The membrane was rinsed twice in 
2X SSC, 0.5% SDS at 65»C followed by two washes (15 min 
each) in 0.2X SSC, 0.5% SDS at 65 °c. 

The Southern hybridization revealed a single strongly 

25 hybridizing fragment and a single weakly hybridizing 

fragment with each enzyme used. The weaJcly hybridizing 
fragment is likely to be the MIPlal/RANTES receptor. 

Multiple Tissue Northern Blots were purchased from 
Clontech Laboratories, Inc., Palo Alto, CA) . SxpressHyb* 

30 Solution was also purchased from Clontech Laboratories, 
Inc. The Multiple Tissue Northern Blots were carried out 
as recommended by the manufacturer. The probe was as 
described above for Southern blots. The results of the 
Northern hybridization showed high levels of a - 1.6 kb 
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message in spleen, peripheral blood leukocytes and thymus. 
Additional Northern analyses are presented in Example 5. 

Genomic Library Screening 

A human genomic phage library constructed in the EMBL3 
5 SP6/T7 vector, purchased from CLONTECH Laboratories, Inc. 
(Palo Alto, CA) , was screened with the 201 bp PCR fragment 
to obtain a full-length clone. Approximately 25,000 plague 
forming units were mixed with 600 nl of an overnight 
bacterial culture of £. coli strain K802 provided with the 

10 library in NZCYM top agarose and plated on 150 mm petri 

dishes containing NZCYM agar (N2VCM broth, Agar and Agarose 
were purchased from Gibco/BRL) . After incubation at 37»c 
for 7 hours, the plates were overlaid with BA-85 
nitrocellulose membranes (Schleicher and Schuell, Keene, 

15 NH) for 5 minutes to allow transfer of phage to membrane. 
The membranes were then soaked for 5 minutes in Denturing 
Solution (1.5 M sodium chloride, 0.5 N sodium hydroxide) 
followed by neutralization in 1.5 M sodium chloride, 0.5 M 
Tris, pH 8.0. The filters were allowed to air dry for 15 

20 minutes and then baked for two hours at 80 *C under vacuum. 
The filters were then hybridized as described above for the 
Southern Blot. The 201 bp PGR fragment contained the 
nucleotides between oligonucleotide primers 2a-2 (TM2) and 
3R (TM3) • 

25 One genomic phage clone, designated Eos L2.8, 

contained an insert which comprises the 1.8 kb Hind III 
fragment seen on Southern blots (complete insert size was 
not determined, but is -17 kb) • 

Phage clone Eos L2.8 was digested with Hind III 

30 restriction enzyme and electrophoresed on an agarose gel. 
A Hind III fragment of approximately 1.8 kb was cut out, 
electroeluted from agarose, phenol /chloroform extracted and 
precipitated with ethanol. The 1.8 kb fragment was 
resuspended in water and li gated into the Hind III site of 
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the pBluescript II KS+ vector (Stratagene) followed by 
transformation into DH5a competent cells purchased from 
Gibco/BRL. 

Both strands of this Hind III fragment were 
5 sequenced, and the fragment was found to contain the entire 
amino acid coding region for the Eos L2 receptor (a human 
CKR-3 receptor). Comparison of this sequence and the cDMA 
clone described below indicates that the clone is a full- 
length clone* The open reading frame of 1065 nucleotides 

10 encodes a protein of 355 amino acids (SEQ ID NO: 2) with a 
predicted molecular mass of 41 Kd. 

Comparison of the sequence of the full-length Eos L2 
receptor with MIPla/RANTES and MCP-l receptors revealed a 
73.4% and 60.5% amino acid similarity, respectively. For 

15 this comparison, sequences were aligned by hand and the 
number of similar amino acids, divided by the total number 
of amino acids was multiplied by 100.) 

The sequences were also aligned by the Clustal method 
using MegAlign™ (DNASTAR, Inc.). Comparison with other 

20 chemokine receptor sequences revealed a 62%, 47%, and 41% 
amino acid sequence similarity to CKR-1, CKR-2B, and CKR-4, 
respectively. In contrast, the amino acid sequence 
similarity to IL-8 receptors A and B was only 27% for both 
receptors. The sequence similarity of this receptor to 

25 MIPla/RANTES and MCP-l receptors, both C-C chemokine 

receptors, is consistent with the results reported herein 
which indicate that Eos L2 is a C-C chemokine receptor. 

EMWP1B 3 

Expression of Eos L2 in Transfected Cell Lines 



30 FLAG-taaaed Eos L2 (CKR-31 Receptor construct 

An Eos L2 receptor fusion protein was constructed as 
follows: 
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1. A FLAG-PAF receptor construct in pCDM8 
(constructed as reported in Kunz, D. et al., J. Biol. 
Cham., 257; 9101-9106 (1992)) was double digested with Hind 
III and EcoRI to release a 48 bp fragment containing 

5 nucleotides which encode the FLAG peptide. The nucleotide 
sequence is AAGCTTCGA GCA GCC ATG GAC TAC AAG GAC GAC GAT 
GAC AAA GAATTC (SEQ ZD NO: 15). The amino acid sequence is 
MDYKDDDDKEF (SEQ ID NO: 16). The 48 bp Hind II I /EcoRI 
fragment containing the FLAG nucleotides subcloned into the 
10 Hindlll /EcoRI sites of the pcDNA3 vector (Invitrogen, San 
Diego, CA) giving rise to pcDNA3/FLAG» 

2. The pBluescript II KS+ vector containing the 
1.8 kb Eos L2 Hind III fragment was digested with BamHI and 
Xho I to release a 1.261 Kb fragment. This BamHI-XhoI 

15 fragment contains nucleotides encoding Eos L2 amino acids 
91 through the stop codon plus the same 3' untranslated 
region and 21 bp of pBluescript II KS+ vector. 

3. Two PCR primers were generated to amplify 
the 5' end of the Eos L2 gene, but removing the first Met 

20 and engineering in an EcoRI site which will be compatible 
with the EcoRI site described above in step 1. The 5' 
primer (SEQ ID NO: 17) was: 
EcoRI 

5'-TTAA GAATTC ACA ACC TCA CTA GAT AC 
25 This primer contains an EcoRI site and the first 17 

nucleotides of the EosL2 gene except for the Met codon. 

The 3' primer (SEQ ID NO: 18) was: 
BamHI 

30 5 9 — CATAGT GGATCC AGAATG 

This primer primes in the Eos L2 gene just 3 9 to the BamHI 
site. Amplification with these two primers using the 
pBluescript II KS+ vector containing the 1.8 kb Eos L2 
fragment as template will amplify a 280 bp fragment 

35 containing the 5' end of the Eos L2 which can be digested 
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with EcoRI and BamHI to give a fragment for ligation as 
described below. 

Conditions for amplification were: 100 ng of 
pBluescript II KS+ containing the l.skb EosL2 fragment was 
5 combined with 200 MM dNTPs and 50 pmol of primers in a 50 
Ml reaction volume. The final magnesium concentration was 
2.5 MM and the pH was 3.0. The fragment was amplified with 
25 cycles of 94«C, 30 sec; 55«C, 30 sec; 72»C, 30 sec. The 
amplified product was separated on agarose gel and purified 
10 by electroelution as described above. The fragment was 
digested with EcoRI and BamHI purified again on agarose 
gel. 

4. For construction of the Flag-tagged EosL2 
gene, the pcONA3 vector containing the FLAG fragment 

15 (described in step 1) was digested with EcoRI and Xho I. 
The vector fragment (an EcoRI -Xhol fragment comprising the 
FLAG coding sequence) was separated from the polylinker 
fragment by electrophoresis, and the vector fragment was 
purified as described for other electroeluted fragments. 

20 The vector fragment was combined with the EcoRI -BamHI 
fragment generated by PCR in step three. These two 
fragments were combined with the 1.261 kb BamHI -Xhol 
fragment from step two. All three fragments were triple 
ligated together to yield the FLAG-tagged Eos L2 receptor 

25 in pcDNA3. Ligated DNA was transformed into DH5o. 

Transient Transf ectants 

293 cells (ATCC Accession No. CRL 1573) were grown in 
Minimal Essential Medium (MEM) Alpha Medium obtained from 
Gibco/BRL and supplemented with 10% fetal Calf Serum, 
30 Glutamine, and Penicillin/ Streptomycin (all from 

Gibco/BRL) . For each transient transf ection, 2 x 10 6 293 
cells were plated 1 day before transf ection in a 35-mm 
tissue culture dish. On the day of transf ection, the cells 
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(which grow attached to the dish) were washed l x with 
Phosphate Buffered Saline (PBS, Gibco/BRL) and a mixture of 
DMA and lipofectAMXNE* Reagent (Gibco/BRL) were applied to 
the cells. 

5 The DNA/ lipof ectAMXNE* reagent mixture was made by 

incubating 2 ixq of Flag-tagged Eos L2 receptor expression 
vector in a final volume of 100 Ml OptiMEM* (Gibco/BRL) 
with 12 Ml* of LipofectAMXHE* reagent in a 100 Ml volume for 
45 minutes at room temp. The final mixture volume is 200 
10 Ml* After the 45 minute incubation, 800 Ml of OptiMEM* is 
added to the 200 m! of DNA/ lipof ectAMXHE* reagent and the 1 
ml of solution is layered over the cells as described 
above. The cells were then incubated at 37 °C for 5 hours 
at which time 1 ml of HEM Alpha Medium supplemented as 
15 described above is added. The cells are incubated for an 
additional 12 hours at which time all medium is removed and 
the cells washed 2 x with PBS and 2 mis of MEM Alpha medium 
supplemented as described above is added. The trans fee ted 
. cells are then incubated for an additional 72 hours. The 
20 cells are harvested by gently pipetting them after 
incubation in PBS 10 mM EDTA. 

Cell surface expression of a FLAG- tagged Eos L2 
receptor was demonstrated in the transiently transfected 
293 cells. Approximately 2.6% of the cells express the 
25 receptor on the surface as determined by immu no fluorescent 
staining and FACS analysis. Levels of expression in some 
cells were found to be as much as 2 logs greater than 
background indicating that high levels of expression can be 
achieved in this cell line. As the Eos L2 gene is carried 
30 by the pcDNA3 expression vector (Invitrogen Corp. , San 
Diego, CA) r which contains the neomycin resistance gene f 
stable 293 transf ectants can be selected using geneticin 
(G418) selection. 
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stable cell Lines 

Over 500 stable lines of mouse 1*1-2 pre-B cells have 
been generated with the FIAG-tagged receptor. Ll-2 pre-B 
cells were obtained from (Dr. Eugene Butcher, Stanford 
5 University, Stanford, CA) , and were maintained in RPMX-1640 
(Gibco/BRL) , supplemented with 10% bovine serum albumin, 
and Pen/ Strep, sodium pyrvate and 0-mercaptoethanol . Cells 
from over 200 clones were screened for surface expression 
by staining with K2 anti-FIAG monoclonal antibody 

10 (International Biotechnologies, Inc., New Haven, CT), 
followed by anti-mouse Ig-FITC (Jackson ImmunoResearch 
Laboratories, Inc.), and analyzed by fluorescence activated 
cell sorting (FACS) . Immuno fluorescent staining and FACS 
analysis was performed as described in, Current Protocols in 

15 Immunology, Vol. 1, Coligan, J. et al., Eds., (John Wiley 6 
Sons, Inc.; New York, NY). Results of the FACS analysis 
for several cell lines revealed a number of clones which 
express high levels of the Eos L2 flagged receptor (Figure 
6) • Untransf ected cells (not shown) were negative for 

20 staining. Stable cell lines with high level expression can 
be used as immunogens for the production of antibodies 
reactive with the Eos L2 receptor. In addition, these cell 
lines are useful for studying chemotaxis and ligand 
binding. 

25 Baculovirus Expression 

For construction of a baculovirus expression vector, 
the Flag-tagged Eos L2 receptor in pcDNA 3 was digested 
with Hindlll to remove the Flag-tagged gene. The Hindlll 
fragment containing the gene was blunt ended by filling in 

30 the overhangs with Klenow fragment and dNTP's. The blunt 
ended fragment was subcloned into the Sma I site of pVL1393 
(Invitrogen) . 2.0 of the pVL1393 vector containing the 
Eos L2 gene was mixed with 0.5 §iq of AcMNPV viral DNA 
(Invitrogen) and co-transfected into Sf9 insect cells 
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(Invitrogen) with Insect in" (Invitrogen) according to the 
manufacturer's instructions. The SF-900 media (serum free) 
vas replaced with 5 ml of SF-9 culture medium (Grace's 
Supplemented Insect Media (Gibco/BRL) containing 10% fetal 
5 calf serum) on the following day, and the cells were 
allowed to grow for five days. Recombinant virus was 
plaque purified as described in D.R. O'Reilly, L.K. Miller, 
and V.A. Luckow (1994) Baculovirus expression vectors: A 
Laboratory Manual, Oxford University Press, pp. 149-158. 

10 Expression of the Eos L2 receptor was obtained on Sf9 

cells by infecting Sf9 cells with the plaque purified 
recombinant virus described above. The Sf9 cells (2 X 10 6 
cells/ml) were infected at a multiplicity of infection of 
10:1. The infection proceeded for 72 hours at which time 

15 the cells were stained with the M2 anti-FIAG antibody. 

Successful expression of this receptor was also 
achieved with a baculovirus expression system in Sf9 cells. 
Good levels of expression have been achieved based on 
. staining with anti-FLAG antibody (see Example 5} • Ligand 

20 binding was also achieved with the same cells Sf9 

transf ectants shown by FACS to be expressing receptor. 
While definitive cell surface expression was shown by 
propidium iodide exclusion, expression on these cells 
appeared to be low, as compared with a negative control 

25 (i.e., Sf9 cells transf ected with expression vector lacking 
the Eos L2 gene insert) . Length of infection can be 
decreased, and MOI can be further optimized, for higher 
cell surface expression. 
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EMUffM 4 

Licrand Binding Studies 

Ligand Binding Procedure 

Cells transfected with Eos L2 receptors or normal 
5 human eosinophils purified (see above) were washed in Hanks 
Balanced Saline Solution (HBSS) , then resuspended in 
binding buffer: 50 mM HEPES, 1 mM CaCl 2 , 5 mM MgClj, 0.5% 
Bovine Serum Albumin (BSA) , pH 7.3. In microfuge tubes, 5 
x 10 5 cells were incubated with 0.1 nM radiolabeled 

10 chemokine (purchased from New England Nuclear, 

Massachusetts) in 200 Ml aliquots at room temperature for 
60 minutes. The cells were either incubated with 
radiolabeled chemokine alone, or together with unlabeled 
chemokines (from PeproTech) as competitors, which were used 

15 at the indicated concentrations. At the end of incubation, 
cells were washed 3 times in the binding buffer, each wash 
consisting of centrifugation in a microfuge at 7,000 x g 
for 2 minutes. After the wash, the pellets were 
transferred into LP3 tubes and the radioactivity of the 

20 cells, which represented the amount of binding was measured 
in a gamma counter. All samples were in duplicates and all 
the experiments were repeated at least 3 times. Scatchard 
Plot was calculated from the binding data by Microsoft 
Excell and CricketGraph on a Macintosh computer. 

25 Binding to Human Eosinophils 

Based on the findings from chemotaxis assays (see 
Example l) , the ligand binding studies focused on RANTES, 
MXP-la and MCP-3. The ligand binding studies were carried 
out using radiolabeled chemokines and various 'cold' 

30 chemokines as competitors. Purified normal human 

eosinophils were incubated with either 0.1 nM l25 I-labeled 
MlP-la or RANTES in the presence or absence of various cold 
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chemokines (250 nM MlP-la, RANTES, IL-8, MCP-1 or MCP-3) . 
After extensively washing the cells, the binding was 
■eaeured by a gamma counter. 

Figure 7 is a histogram illustrating the binding of 
5 human eosinophils to RANTES and HXP-la. These results 
suggest that eosinophils bind only weakly to MXP-la, and 
that this binding can be inhibited by MXP-la itself and by 
other 6-family chemokines, e.g., MCP-1, MCP-3 and RANTES 
(Figure 7) . In contrast, eosinophils bound RANTES more 

10 abundantly (Figure 7) . Binding by RANTES could not be 
inhibited efficiently by excess amount of 'cold' MlP-la 
(Figure 8), suggesting that on eosinophils, there could be 
distinguished receptors for MlP-la and RANTES* 

Scatchard plot analysis revealed that there are 1.8 x 

15 10 3 MXP-la binding sites with an affinity of 91 pM. The 
analysis also revealed a lower affinity (883 pM) receptor 
for RANTES, having more binding sites (3.6 x 10 4 /cell) . 
Under the conditions used, there was no significant MCP-1 
binding to eosinophils (not shown) , and MCP-1 did not 

20 inhibit RANTES binding except at very high concentrations 
(2500-fold excess, Figure 8). 

Binding to Butyr ic Acid-Differentiated HL-60 Cells 

Butyric acid-differentiated HL-60 cells were used in 
the ligand binding assay to determine whether these cell 

25 behave in the same way as eosinophils. Assays were 

performed as described above, using 0.5 X 10 6 HL-60 cells 
incubated with 0*1 nM l25 I-labeled MlP-la or RANTES in the 
absence or presence of 250 nM cold chemokine (MIP-Ioe, 
RANTES, MCP-3, 11-8, MCP-1). In these cells, both MlP-la 

30 and RANTES bound equally well and both could cross-inhibit 
each other (Figure 9) . This observation is consistent with 
the chemotaxis assays (see Example 1) in which both 
chemokines induced transendothelial migration of 
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eosinophils (Figure 8). It appears that during the 
induction process, both receptors were unregulated since 
the binding of MlP-lot and RANTES was insignificant in 
undifferentiated HL-60 cells (data not shown) . 

5 Eos L2 Receptor Transf cct^ntA 

Following the cloning and expression of the Eos L2 
receptor, transf ected cells were used to test binding to a 
number of chemokines. The first attempts using 293 
transf ectants were unsuccessful, as the addition of cold 

10 chemokines interfered with binding, a phenomenon observed 
by other investigators. In contrast, using baculovirus 
infected SF9 cells, good RANTES binding could be detected 
(Figure 10) . The assay conditions for SF9 cells were 
different from that of mammalian cells. Binding of 0,1 nM 

15 125 I-labeled RANTES took place in 50 mM HEPES, pH 7.3, 5 mM 
Mgcls and l mM CaCl 2 , supplemented with 0.5% BSA. After 60 
minutes at room temperature, the cells were washed three 
times in the binding buffer containing 0.5 M NaCl, and the 
radioactivity in the cell pellets was counted using a gamma 

20 counter. 

In these ligand binding assays, the most effective 
heterologous competitor of MIP-lci or RANTES binding was 
MCP-3. In fact, MCP-3 also effectively inhibited MCP-1 
binding to activated T cells. Thus, MCP-3 appears to bind 

25 to CKR-1, CKR-2 and CKR-3 (CKR-1, Gao, J.L., et al., J. 
Exp. Med. , 177: 1421-1427 (1993) and Neote, K. , et al.. 
Cell, 72 1 415-425 (1993); CKR-2, Charo, I.F., et al., Proc. 
Natl. Acad. Sci. USA, 91: 2752-2756 (1994) and Myers, S.J. , 
et al., J. Biol. Chem., 270% 5786-5792 (1995)). 

30 Radiolabeled MCP-3 (Peprotech, Inc. Rocky Hill, N.J.) 

was also used for binding studies. Figures 11A-11B are 
graphs illustrating the binding of MCP-3 to differentiated 
HL-60 cells. MCP-3 binding was carried out as described 
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above with the following modifications. Cells were 
incubated with 0.1 nM 125 i-labeled MCP-3. The binding 
buffer used was HBSS plus 0.5% BSA and 0.1% sodium azide. 
Binding took place at 37 *C for 30 min. The unbound isotope 
5 was separated by spinning cells through 800 $il of 20% 
sucrose, at 12,000 x g for 2 min. The tubes were then 
snap-frozen in dry ice, the tips cut off with a pair of 
pliers and counted. 



Example s 

10 Expression Of the Eosinophilic Chawokina Re^pl-nr 

To conf in* that the Eos L2 receptor is the functional 
receptor on eosinophils, the expression of the receptor was 
assessed by (a) Northern blot analyses, and (b) flow 
cytometry using monoclonal antibodies ant i -peptide 
15 antibodies reactive with the receptor. 



PwifjgatiQn Pf Human Eosinophils. Neutrophils, and pbmc 
Eosinophils were isolated from heparinized blood of 
individuals with high levels of circulating blood 
eosinophils (5-17%) by combined density gradient 

20 centrifugation and negative selection with anti-C016 
magnetic beads (Hansel, T.T. et a!., J. Jmrnunol. Meth., 
122 1 97 (1989)). Briefly, the granulocyte fraction from 
the Percoll centrifugation was incubeated with CD16 
microbeads (Miltenyi Biotec, Inc., Sunnyvale, CA) for 30 

25 minutes. Cells were then passed through a MACS column 

(Miltenyi Biotec, Inc.), and eosinophils were collected in 
the flow-through. Eosinophils were shown histologically to 
be > 99% pure as determined by analysis of Diff-Quick- 
stained cytocentrifugation preparations by light 

30 microscopy. 
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Hunan neutrophils vera isolated from heparinized 
venous blood by Porcoll density gradient centrifugation 
(S m 1.088) at room temperature (Coligan et al. , Eds«, 
1992, Currant Protocols In Immunology, (John Wiley 6 Sons: 
5 New York, NY)). RBCs were removed by hypotonic lysis. 

PBMCs were also isolated as described (Coligan et al., 
Eds., 1992 , Current Protocols in Immunology, (John Wiley & 
Sons: New York, NY)). Monocytes were purified by CD14 
positive selection with magnetic beads and T cells were 

10 purified by passage of lymphocytes over nylon wool. To 

generate CD3 blasts, 2 X 10 6 PBMCs /ml in RPMI-1640 plus 10% 
FCS were added to tissue culture plates first coated with 
the anti-CD3 antibody TR77. After 4-6 days blasts were 
removed to fresh media and supplemented with IL-2 (Genzyme) 

15 at 50 units /ml. 

Northern Analyses; is Exprepsefl Selectively in 

Although eotaxin is a selective chemoattractant for 
eosinophils, the CKR-3 receptor also binds RANTES and MCP- 

20 3, which are known to attract monocytes and T cells. 

Message expression of the receptor was examined in various 
leukocyte populations. 

The results of initial Northern hybridization (see 
Example 2) showed expression of a - 1.6 kb message in 

25 spleen, peripheral blood leukocytes, and thymus, and a 

number of leukocyte subpopulations, such as eosinophils and 
T cells, as well as in the HL-60 cell line. Message levels 
increased dramatically in the HL-60 cell line upon butyric 
acid induction down the eosinophilic pathway. 

30 This message is likely to be that of Eos L2, since the 

message for the MI Pla /RANTES receptor which cross- 
hybridizes on Southern blots is weak and is reported to be 
approximately 3.0 kb. When the original 201 bp PCR 
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fragment is used as a probe in Southern blots, a strongly 
hybridizing 1.8 kb Hindlll fragment is seen. This is the 
fragment that was cloned and discussed here, in addition 
to this fragment, a very weakly hybridizing fragment at 
5 about 10 kb is observed. This 10 kb fragment corresponds 
to the reported Hindlll fragment size of the KIPla/RANTES 
receptor. This MIPla/RANTES receptor produces a message of 
approximately 3 kb which is not observed on Northerns. 
Therefore, the ~1.6 kb message seen on Northerns probably 

10 derives from Eos L2 gene. By far the most abundant 
expression of Eos L2 was observed in a preparation of 
purified eosinophils from a patient with hyper-eosinophilic 
syndrome (see Example 8) . 

Because of the high sequence similarity of CKR-3 to 

15 other CC chemokine receptors and the fact that the full- 
length clone hybridizes to multiple sequences in Southern 
blots, additional Northern analyses used a 250 bp fragment 
from the 3 '-untranslated region of the genomic clone which 
does not cross-hybridize with other sequences in Southern 

20 blots. For hybridization , a 3 ' -untranslated region probe 
specific for CKR-3 was used encompassing nucleotides 
1203-1453 (Figure 1C) . 

A Northern blot panel was prepared using RNA from 
different leukocyte populations, including monocytes, 

25 neutrophils, lymphocytes, T cells, T cell blasts produced 
by activation with CD3 MAb, and eosinophils. RNA was 
isolated using TriZOL™ reagent (Gibco/BRL) following the 
manufacturer's recommended protocol. 15 fig of total RNA 
isolated from each highly purified leukocyte population was 

30 separated on 1.2% formaldehyde agarose gels and transferred 
to Nytran-Plus™ nylon membrane (Schleicher and Schuell) 
and cross-linked using a Strata linker®. Hybridization with 
radiolabeled 3 ' -untranslated region probe was with 
ExpressHyb™ Solution (Clontech) using the manuf acterer's 
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suggested protocol* Northern blots vera exposed to X-OKAT 
AR film for 3-5 days with Intensifying screen. CKR-3 
specific probe was removed by boiling in 0.5% SOS and the 
blot re-probed with 0-actin to control for variation in 
5 loading. 

The only cell population which gave a detectable 
signal was eosinophils, where a message 1.8 kb in size was 
found. These results are consistent with the pattern of 
surface expression detected immunologically in Figures 13A- 
10 13D. Although message was not detected in resting or 

activated T cells in this experiment, it is possible that a 
subset of T cells may express the receptor. 

Monoclonal Antibodies mxhsl Re vive with the Eosinophil^ 
Chemokine Rflceptor 

15 KAbs reactive with the Eos L2 receptor were generated 

by immunizing mice with a synthetic peptide corresponding 
to the N-terminal 35 amino acids. The N-terminal 35 amino 
acids of Eos L2 # deduced from the nucleotide sequence (see 
Figures 1A-1C; see also, SEQ ID NO: 2), were synthesized and 

20 coupled to the carrier protein PPD (Purified Protein 

Derivative of Mycobacterium tuberculosis; Severn Biotech 
Ltd., Cambridge, U.K.). 

Female Balb/C mice were immunized with 50 M9 of this 
peptide peptide-carrier conjugate in PBS 4 times at 2 week 

25 intervals. Mice were injected intra-peritoneally with the 
peptide conjugate, using Freund's complete (first 
injection) and incomplete adjuvant (subsequent injections) • 
The final immunization was injected intravenously without 
adjuvant. Polyclonal antiserum was also collected from 

30 mice immunized with synthetic peptide. 

Two successful fusions were performed which generated 
over 15,000 hybridomas. Four days after the final 
injection, the spleen was removed and a single cell 
suspension prepared in serum free DMEM media. These cells 
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were fused with the hybridoma fusion partner SP2/0, 
according to Galfre, G. et al. (Galfre, G. et Nature, 
266: 550-552 (1977)). 20 ml of spleen cells and 20 ml of 
SP2/0 were combined, spun at 800g for 5 min and the media 
5 removed. A solution of 50% Polyethylene glycol 1500 

(Boehringer Mannheim, Indianapolis, IN) prevarmed to 37°C 
was added to the cell pellet over 2 min, followed by 10 ml 
of DMEM media over 3 min. The cell suspension was spun at 
400g for 3 min and the supernatant removed. The pellet was 

10 resuspended gently in DMEM media containing 20% fetal calf 
serum, 2 mM L-glutamine, 100 units/ml penicillin, 100 Mg/ml 
streptomycin sulfate, and HAT selection media (Boehringer 
Mannheim, Indianapolis, IN) . Cells were plated into 96 
veil flat bottom microtiter plates at 200 jil/vell. 

15 10-14 days later, supernatants from the wells were 

screened for reactivity against the peptide using an 
enzyme-labeled anti-mouse antibody (Horseradish peroxidase- 
labeled anti-mouse IgG (Jackson) in an ELISA assay. 
Approximately 200 mAbs were selected that showed strong 

20 reactivity against the synthetic peptide. Hybridomas of 
interest were subcloned using limiting dilution. 

To determine which antibodies could recognize the 
native, surface expressed molecule, the MAbs were screened 
against Sf9 insect cells infected with AcMNPV virus 

25 carrying human Eos L2 genomic DMA. These insect cells 

expressed Eos 1*2 (CKR-3) receptor on the cell surface, as 
judged by strong anti-FLAG staining of approximately 10% of 
cells. Staining was performed using M2 anti-FLAG antibody, 
followed by anti-mouse Ig-FITC (Jackson ImmunoResearch 

30 Laboratories, Inc.), and analyzed by flourescence activated 
cell sorting, using FACScan analysis to quantitate 
expression. (Current Protocols in Immunology, Vol. 1, 
Coligan, J. et al., Eds., (John Wiley & Sons, Inc.; New 
York, NY). 
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Approximately 33% of the anti-peptide hybridomas 
reacted with the Eos L2 transfected insect cells, with a 
staining pattern Identical to that of the FLAG antibody, as 
determined by FACS analysis using anti-mouse Ig-FITC 
5 (Jackson ImmunoResearch Laboratories, Inc.) as second 
antibody* Dntransfected insect cells stained with antii- 
FLAG were completely negative, Anti-peptide antibody also 
tested against untransfected cells, which were negative for 
staining. 

10 MAbs that were found to stain the transfected insect 

cells were examined using FACS analysis for their 
reactivity with human eosinophils, peripheral blood 
lymphocytes, monocytes, neutrophils, and activated T cells 
(activated T cells; lymphocytes were treated with an anti- 

15 CD3 antibody to activate T cells) . Cells were stained with 
mAb LS26-5H12 and then FITC-anti-mouse Ig (Jackson 
ImmunoResearch Laboratories, Inc.). Fc receptor binding 
was controlled for by using an excess of normal human 
serum. 

20 All eosinophils were stained with a selected anti-Eos 

L2 mAb, LS26-5H12 (Figure 12A) . Monocytes were weakly 
positive for immunofluorescence. A small proportion of 
lymphocytes were positive for staining (Figure 12B) , and 
substantially all of the activated T cells were weakly 

25 stained with the antibody LS26-5H12 (not shown) , suggesting 
that T cells express receptor which is upregulated upon T 
cell activation. Neutrophils were not significantly 
stained by LS26-5H12 antibody under the conditions of the 
assay. Based on the expected distribution of the Eos L2 

30 receptor, and that it functions in RANTES binding, MAb 

LS26-5H12 appears to recognize the naturally expressed form 
of this receptor. In addition to the LS26-5H12 MAb, - five 
additional Mabs behaved similarly. 

The LS26-5H12 hybridoma was further purified by 

35 limiting dilution. In another experiment, highly purified 
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leukocyte subsets (purified as described in Example 5) were 
stained with MAb LS26-5H12 and analyzed by flow cytometry 
(Figures 13A-13D) . staining profiles were representative 
of at least 4 experiments. T Cells were identified based 
5 on CD 3 staining. Monocytes and neutrophils were identified 
by forward and side scatter* 

Highly purified eosinophils stained strongly with 
LS26-5H12 (Figure 13A) , suggesting abundant expression of 
the receptor on the surface of eosinophils , and consistent 

10 with a high receptor number determined by ligand binding 
and Scatchard analysis. Neutrophils, blood T cells, and 
monocytes showed little or no staining with this MAb 
(Figures 13B-13D) . These latter results, using antibody 
from the recloned hybridoma, suggest CKR-3 is selectively 

15 expressed on eosinophils, and is not appreciably expressed 
on other leukocyte types tested. However, it is possible 
that a subset of T cells expresses the receptor. 

Antibody Inhibition of Chemotmvifl 

Polyclonal antiserum (collected from the same mouse 

20 from which the LS26-5H12 MAb was made) were used in a 

chemotaxis assay, using butyric acid-differentiated HL-60 
cells as described above, and culture inserts. (The insert 
forms an upper chamber when placed into a well of the 
microtiter dish) . Chemotaxis of the butyric acid- 

25 differentiated HL-60 cells in response to 100 ng/ml of 

RANTES (in the lower chamber) was monitored. Chemotaxis in 
response to RANTES occurred to the same extent in a no 
serum control as in the presence of 1 nl of normal mouse 
serum (placed in the upper chamber with cells) • In 

30 contrast, in the presence of 1*0 jxl of antiserum (placed in 
the upper chamber with cells) , RANTES- induced chemotaxis 
was inhibited by 40*. In a different test, using a 
polyclonal anti-peptide rabbit serum did not similarly 
inhibit chemotaxis. 
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EXAMPLE 6 

Selection of Stable g.11 ^ansfectan*,. 

2% - 5% of transiently transfected COS, HEK-293 and 
CHO cells were surface positive as assessed using 
5 antibodies to FLAG-tagged receptor (see above) , while 
substantial intracellular protein could be detected, 
suggesting inefficient protein trafficking. The Ll.2 mouse 
pre-B cell line was used to select lines with higher levels 
of surface expression (see Figure 6) for further assessment 

10 of ligand binding specificity and signal transduction by 
CKR-3. This cell line has been used successfully for the 
study of other chemoattractant receptors (Honda , s., et 
al«, j. Immunol., 152: 4026-4035 (1994)), and the 
expression of transfected human chemokine receptors confers 

15 specific chemotactic ability to various ligands (see 
below) . 

To monitor surface expression of CKR-3 , a monoclonal 
antibody (MAb) was produced to the N-terminal region of the 
receptor, by immunizing mice with a synthetic peptide 
20 having a sequence corresponding to the N-terminal 35 amino 
acids of CKR-3. Anti-peptide MAbs were detected by ELISA, 
and MAbs that recognize the native receptor were identified 
by their reactivity with human eosinophils, as well as 
their staining of transient transfectants. 



25 Construction of /pernio 

PCR was used to modify the CKR-3 gene contained in the 
1.8 kb genomic fragment by inserting a Hindlll restriction 
site and optimal Kozak sequence immediately 5' to the 
initiation codon. The coding region and 448 bp of 

30 3 '-untranslated region were inserted into the HindlZI site 
of pcDNA3 (Invitrogen) , placing the gene under the control 
of the human CMV immediate early gene promoter of the 
vector. The details of the construction of this FLAG- 
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tagged Eos L2 (CKR-3) receptor construct (also referred to 
herein as GKR-3/pcDNA3) are provided in Example 3. 

Transfection and stable cell Line select-ion 

The murine pre-B lymphoma cell line LI .2 was obtained 
5 from Dr. Eugene Butcher (Stanford University) and 

maintained in RPKI-1640 supplemented with 10% bovine serum. 
20 Mg of linearized, CKR-3/pcDNA3 was used to trans feet the 
cell line as follows. LI. 2 cells vere washed twice in HBSS 
and resuspended in 0.8 ml of the same. The plasmid DNA was 

10 mixed with the cells and incubated for 10 minutes at room 
temperature then transferred to a 0.4 cm electroporation 
cuvette and a single pulse applied at 250 V, 960 mF. The 
electroporation was followed by a 10 minute incubation at 
room temperature. G418 was added to a final concentration 

15 of 0.8 mg/ml 48 hr post-transf ection and the cells plated 
in 96 well plates at 25,000 cells/well. After 2-3 weeks 
under drug selection, G418 resistant cells were stained 
with 5H12 anti-receptor mAb (see below) and analyzed by 
FACScan* . 

20 Lines with detectable surface staining were expanded 

and cloned several times by limiting dilution. Clones with 
the brightest surface staining were further analyzed by 
Northern hybridization to confirm the presence of 
transfected receptor as well as by RT-PCR using a T7 primer 

25 complementary to the pcDNA3 vector as the 5' primer and a 
CKR-3 specific primer as the 3' primer (not shown). Mo 
amplification was seen without addition of reverse 
transcriptase. 

For transient transfection, 20 pg of supercoiled DNA 

30 was used in the electroporation exactly as described for 
stable cell line production. Cell surface staining was 
assessed after 48-72 hrs. 
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LI. 2 calls transf acted with CKR-3/pcDNA3 vara diluted 
to 1 X 10 6 calls/ml in tissue culture media, n-butyric 
acid (sodium salt, Sigma Chemical Corp., Cat. No. B5887) 
was added to a final concentration of 5 mM (diluted from a 
5 1M stock solution made in tissue culture media) . cells 
were grown overnight (18-24 hours) at 37 •C, 5% cOj prior to 
use. Lower concentrations have been used successfully 
(e.g., 2.5 mM and 1 mM n-butyric acid), n-butyrate 
treatment has been reported to induce protein levels up to 
10 about 10-fold relative to uninduced controls (see, e.g., 
Palermo, D.P., et al., J . Biotech., 19i 35-48 (1991) and 
references cited therein) . CKR-3 mRNA levels driven by the 
human CMV immediate early gene promoter were elevated 
dramatically by n-butyrate treatment.. 

15 Monoclonal Antibody Production and Flow Cytometry 

MAbs reactive with synthetic peptide were produced as 
described above in Example 5. MAbs were screened by ELISA 
as follows. 50 ml of peptide, at a concentration of 
2 Mg/al in carbonate buffer, was used to coat NUNC 96-well 

20 Maxisorp plates for at least 4 hours at 4 # C 300 Ml/well 
of blocking buffer (PBS + 1% BSA) was added for at least 
2 hours. Plates were washed four times with PBS/Tween 20, 
and 50 Ml of MAb supernatant was added to each well and 
incubated at 37 °C for one hour. Plates were washed four 

25 times with PBS/Tween 20 and alkaline phospatase-conjugated 
second antibody (Jackson ImmunoResearch Laboratories, West 
Grove PA) diluted 1:500 in PBS was added to each well. 
After an incubation at 37 *C for 30 minutes, plates were 
washed four times with PBS/Tween 20. The substrate used 

30 for the color reaction was p-nitrophenylphosphate dissolved 
in diethanolamine buffer (Bio-Rad) . Plates were read at 
410 nm on an ELISA reader. 
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To determine which ant i -peptide MAbs could recognize 
native, surface expressed CKR-3, the anti-peptide MAbs were 
screened against transiently transfected cells and 
eosinophils. For MAb staining, cells vere washed once with 
5 PBS, and resuspended in 100 pi PBS containing 2% FCS, 0,1% 
sodium azide (FACS buffer) , 5 pg/ml purified antibody, 5 
pg/ml HOPC-21 IgG, isotype Batched control MAb (Sigma) or 
100 ixl hybridoma culture supernatant. After 30 min at 4°C, 
cells were washed twice in FACS buffer, and resuspended in 
10 100 Ml of FITOconjugated affinity purified F(ab') 2 goat 
anti-mouse IgG (Jackson) . After incubating for 30 minutes 
at 4*C, cells were washed twice in FACS buffer and analyzed 
by FACScan* to determine the level of surface expression. 
Propidium iodide was used to exclude dead cells. 

15 Surface Expression of Receptor on Stable Transf eetants of 

the Lit 2 Cell Lin? 

Figure 14A shows detectable surface staining of the 
transiently transfected receptor on a subpopulation of LI. 2 
cells, using an anti-receptor MAb, LS26-5H12. 

20 Untransfected LI. 2 cells were negative (Figure 14B) . A 
stable cell line was constructed by limiting dilution 
cloning of the transfectants and selection for higher 
surface staining as described above. This process yielded 
lines that had much higher levels of receptor expression 

25 (Figure 14C) . Northern blot analysis confirmed the 

presence of transfected CKR-3 mRNA in one of the subclones, 
designated £5, and its absence in untransfected LI .2 cells 
(not shown) . 
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EXAMPLE 7 

Liaand Binding Specif Icltv of Stable 1,1.3 TranafeetMnt^ 
Chamoklneg 

Recombinant human chemokines were obtained from 
5 Peprotech, Inc. (Rocky Hill, NJ) , except for human eotaxin 
which was synthesized using solid-phase methods that were 
optimized and adapted to a fully automated peptide 
synthesizer (model 430A; Applied Biosy stems, inc., Poster 
City, CA) as described (Clark-Levis, I., et al., 
10 Biochemistry, 30i 3128-3135 (1991)). Human eotaxin is also 
commercially available from Peprotech. 

123 I-labeled eotaxin was produced using the Bolton 
Hunter reagent (NEK), as described (Coligan, J.E., et al., 
15 Eds., 1992, Current Protocols in Immunology (New York: John 
Wiley and Sons) ) . The specific activity of radiolabeled 
eotaxin was calculated to be 180 Ci/mM. 

ligttnfl Binding 

Chemokine binding to target cells was carried out 
20 using a modification of a previously reported method (Van 
Riper, G., et al., J • Exp. Med. 177: 851-856 (1993)). 
Cells were washed once in PBS and resuspended in binding 
buffer (50 mM HEPES, pH 7.5, 1 mM CaCl 2 , 5 mM MgCl 2 , 0.5% 
BSA and 0.05% azide) at a concentration of 1 x 10 7 /ml. 
25 Aliguots of 50 Ml (5 x 10 5 cells) yere dispensed into 
microfuge tubes, followed by the addition of cold 
competitor and radiolabeled chemokines. The final reaction 
volume was 200 jil. Non-specific binding was determined by 
incubating cells with radiolabeled chemokines in the 
30 presence of 250-500 nM of unlabeled chemokines. After 60 
minutes incubation at room temperature, the cells were 
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washed 3 times with 1 ml of binding buffer containing 0.5 M 
NaCl. Cell pellets were then counted. 

Competition is presented as the percentage of specific 
binding as calculated by 100 (S-B) / (T-B) , where S is the 
5 radioactivity of the sample, B as background binding and T 
as total binding without competitors. Background binding 
was obtained by incubating cells with radiolabeled 
cheaokine and at least 400-fold excess of unlabeled 
chemoJcines. The total binding of eotaxin to E5 cells was 
10 11611 ± 119 cpm and background binding 2248 ± 745 cpm. The 
total binding of eotaxin to eosinophils was 7866 ± 353 cpm 
and background binding 1148 ± 518 cpm. Duplicates were used 
throughout the experiments and the standard deviations were 
always less than 10% of the mean. All experiments were 
15 repeated at least three times. Curve fit was calculated by 
XaleidaGraph software. 

The £5 cell line described in Example 6 was tested for 
its ability to bind radiolabeled eotaxin. Cells were 
incubated with 0.6 nM m I-labeled eotaxin and various 
20 concentrations of cold competitor. Figure 15A shows that 
the transfected cells bound l25 I-labeled eotaxin 
specifically and with high affinity. Scatchard analysis of 
the binding data indicated a dissociation constant (Kd) of 
1.5 nM (Figure ISC) , similar to the value of 0.5 nM 
25 obtained using purified human eosinophils (Figure ISO) . In 
addition, both RANTES and MCP-3 were able to specifically 
compete for binding. None of the other chemokines tested, 
including MlP-la, MIP-10, or IL-8 were able to specifically 
compete for radiolabeled ligand (Figure 16) . 



30 cheffirtttxlg ftggayp 

Chemotaxis with human eosinophils was assessed using a 
modification of a transendothelial assay (Carr, M.W. et 
ml., Proc. Natl. Acad. Sci. USA, 91*. 3652-3656 (1994)). 
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The endothelial cells used for this assay were the 
endothelial cell line ECV 304, obtained from the European 
Collection of Animal Cell Cultures (Port on Down, U.K.). 
Endothelial cells were cultured on 6.5-mm diameter Biocoat* 
5 Transwell tissue culture inserts (Costar Corp., Cambridge 
HA) with a 3.0 MM pore size. Culture media for ECV 304 
cells consisted of M199 + 10% Fetal Calf Serum, 
L-glutamine, and antibiotics. 

Assay media consisted of equal parts RPMI 1640 and 

10 M199, with 0.5* BSA. 24 hours before the assay, 2 X 10 5 
ECV 304 cells were plated onto each insert of the 2 4 -veil 
chemotaxis plate, and incubated at 37 «c. Chemotactic 
factors (diluted in assay medium) were added to the 24-well 
tissue culture plates in a final volume of 600 pi. 

15 Endothelial-coated tissue culture inserts were inserted 
into each well and 10 6 cells were added to the top chamber 
in a final volume of 100 jil. The plate was incubated at 
37«c in 5% C0 2 /95% air for 4 hours. 

The cells that had migrated to the bottom chamber were 

20 counted using flow cytometry. 500 fil of the cell 

suspension from the lower chamber was placed in a tube, and 
relative cell counts were obtained by acquiring events for 
a set time period of 30 seconds. This counting method was 
found to be reproducible, and enables gating on the 

25 leukocytes and the exclusion of debris or other cells. 

Counts obtained in this way match closely those obtained by 
counting with a microsope. 

The same assay was used to assess chemotaxis of LI. 2 
cells or LI. 2 receptor transfectant cell lines, except that 

30 endothelial cells were not used to coat the Biocoat* 
Transwell tissue culture inserts. 
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expression in 1,1.2 cellg rpn fers ch amofcacfcip 
rpgnonsivenftfls for eotaxin. PAOTHgs and 

LI. 2 receptor transfectants were tested for their 
ability to migrate in response to a panel of chemokines 
5 over a range of concentrations. The CKR-3 expressing cell 
line £5 shoved a chemotactic response to eotaxin, KANTES, 
and MCP-3 with a peak response to eotaxin at 100 ng/ml, 
although specific migration could be detected as low as 10 
ng/ml (Figure 17A) • While a response to RANTES was evident 

10 at both 10 ng/ml and 100 ng/ml , the magnitude of the 

response was not as great as with eotaxin. MCP-3 appeared 
to be a less potent chemoattractant on the £5 cell line 
than on eosinophils, with no detectable migration below 100 
ng/ml. No significant response to other chemokines tested 

15 was seen with this cell line. In other control 

experiments, cells did not migrate to the bottom chamber 
when chemokine was added to the top well alone, confirming 
that cell migration was chemotactic rather than 
chemokinetic (not shown) . 

20 The untransfected LI. 2 cell line did not migrate in 

response to any chemokines tested (Figure 17B) . Indeed, a 
striking feature of the LI. 2 cell line was the very low 
background chemotaxis to non-specific ligands. As a 
specificity control, LI. 2 cells transfected with IL-8 RB 

25 migrated specifically in response to IL-8 and GROo (Figure 
17C) , as well as NAF-2 and EN A- 7 8 (not shown) , but not to 
other CXC or CC chemokines. Other chemokine receptors 
which were introduced into LI. 2 cells by transfection also 
confer chemotactic ability to their specific ligands, 

30 including CKR-2 transfectants (which respond to MCP-l and 
MCP-3) , CKR-1 transfectants (which respond to MlP-la) , and 
IL-8 RA transfectants (which respond to IL-8) (not shown). 
Pertussis toxin completely abrogated the chemotactic 
response of both eosinophils and the CKR-3 transfectants to 

35 eotaxin indicated that the receptor was signaling through 
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the Ga subclass (Simon, M.I., et al., Science, 252: 802-808 
(1991)) in both normal and transf acted cells (not shown). 

The chenotactic profile of eosinophils rggflffl^M that of 
CKR-3 transf aetants 
5 In order to assess whether the function of normal 

eosinophils resembled that of CKR-3 LI. 2 transf ectants , 
chemotaxis experiments were performed using eosinophils 
from a number of normal individuals (humans) , having high 
levels of eosinophils (-6 to 8% of WBC) (purified as 

10 described in Example 5) . Figures 18A-18B show two 

characteristic patterns of eosinophil chemotaxis observed 
in two different individuals. One pattern was 
characterized by a robust migration to eotaxin, and a 
lesser response to RANTES and MCP-3 (Figure 18A) . The 

15 other pattern showed essentially equivalent chemotaxis in 
response to eotaxin , RANTES and MCP-3 (Figure 18B) ♦ These 
patterns were not due to variations in the assay, since 
within each individual , they were highly reproducible over 
a long period of time. MIP-la showed only weak chemotactic 

20 activity for eosinophils in the second class of 
individuals. 

EXAHPIig 8 

Cloning of a cDNA encoding Eos L2 

Construction of an Eosinophil cDNA Library 
25 Eosinophils were obtained from a patient (M.V.) 

diagnosed with idiopathic hyper-eosinophilic syndrome 
(Costa, J.J. et el., J. Clin. Jnvest., 91: 2673 (1993). 
RNA was isolated using a standard guanidinium 
isothiocyanate/ cesium chloride method (In: Current 
30 Protocols In Molecular Biology, Vol. 1, Ausubel, F.M. et 
al., Eds., (John Wiley & Sons: New York, NY) page 4.2.2- 
4.2.3 (1991)). mRNA was obtained using Dynabeads* (Dynal, 
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Inc.), and the bacteriophage library was constructed using 
the Superscript 1 " Lambda System for cDNA Synthesis and X 
Cloning (Gibco BRL, Life Technologies) which cones with 
Xgt22A, Notl-SalX arms. 

5 Library screening 

We screened approximately 750,000 bacteriophage 
plaques of the resulting human eosinophil cDNA library in 
duplicate. The probe used was a full-length radiolabeled 
cDNA probe (p4 cDNA) which encodes the MIP-la/RANTES 

10 receptor (CKR-1) (Gao et al., J. JErp. Wed., 177: 1421 

(1993)). The p4 cDNA was cloned into the BamHI (5') and 
Xhol (3') sites of pcDHAI (Invitrogen) . A BamHI-XhoI 
fragment of this clone (i.e., p4 cDNA in pcDNAI) was 
obtained by restriction digestion, and isolated using Gene 

15 Clean (BiolOl) . The fragment was labeled with n P using a 
random primer labeling kit (Boehringer Mannheim 
Biochemicals) . 

Filters were prehybridized by incubation for two hours 
at 42 # C, in a solution of 50% formamide, 5 X SSC, IX 

20 Denhardt's, io% Dextran Sulfate, 20 mM TRIS, pH 7.5, 0.1% 
SDS (sodium dodecyl sulfate) . Hybridization was performed 
overnight at 42 °C in the same solution. Eosinophil cDNA 
library filters were then washed two times with 2X SSC/ 0.1% 
SDS at room temperature, and two times with 2X SSC/0.l% SDS 

25 at 42 °C. Each wash was for 30 minutes. Filters were 
exposed overnight and positive plaques were picked in 
duplicate. Clones were further evaluated when positive in 
duplicate after the low stringency washes. 

Characterization of cDNA Clones 
30 Plaques were plaque purified, and DNA was isolated by 

a small scale phage lysis protocol (In: Current Protocols 
In Molecular Biology, Vol. 1, Suppl. 10, Ausubel, F.M. et 
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al., Eds., (John Wiley & Sons: New York, NY), page 1.13*7 
(1991) . The bactariophaga DHA was digested with EcoRI 
(site in arm of vector) and Notl. The inserts released by 
digestion were visualized on a gel, and were found to be 
5 approximately 1.6 kb in length. The -1.6 kb insert present 
in a plaque designated Mip-16 or H-16, was isolated using 
Gene Clean (BiolOl) , and was cloned into the EcoRI and Notl 
sites of Bluescript* vector KS (Strata gene) , which had been 
digested with both EcoRI and Notl to produce asymmetric 
10 ends. The ligated plasmid was introducted into XLl-Blue £. 
coli cells (Stratagene) made competent as described by 
Hanahan (Hanahan, D. , (1985), In: DNA Cloning, Volume l, 
D.M. Glover, Ed. (IRL Press: Washington, D.C.), PP* 109- 
135) . 

15 Dideoxy sequencing of the M-16/Bluescript construct 

was performed using a dideoxynucleotide sequencing kit 
obtained from USB (United States Biochemical, Cleveland, 
OH) . The nucleotide sequence of this clone was determined 
to encode a novel protein with a high degree of homology to 

20 the MIP-lcr/RANTES receptor; however, from the sequence 
data, the clone did not appear to be full-length. 

In order to identify a full-length clone, 15-20 
additional plaques were isolated and purified, and the 
inserts present in the phage were characterized by 

25 restriction enzyme analysis and/or sequencing. Another X 
clone, designated M31, which was isolated was found to 
contain a -1.8 3cb insert. The insert was cloned into the 
EcoRI and Notl sites of Bluescript* vector KS (Stratagene) , 
and introduced into XLl-Blue E. coli cells (Stratagene) as 

30 described above. DNA sequencing of this clone (M31 insert 
in Bluescript, referred to as M31/Bluescript construct) was 
performed as described above, and revealed that it encoded 
a full-length receptor* 

The M31 insert was released from the M31/Bluescript 

35 construct by digestion with EcoRI and Notl. The resulting 
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fragment was isolated using Gene Clean (BiolOl) , and was 
inserted into the EcoRI and NotI sites of vector Ap*M9, 
which had been digested with both EcoRI and NotI to produce 
asymmetric ends. Vector AplW (de Fougerolles, A.R. et 
5 al., J. Exp. Med., 177: 1187-1192 (1993)) is a derivative 
of CDM8 (Invitrogen) containing the ^-lactamase from 
pBluescript and a poly linker from pSP64. The resulting 
construct , designated A31, was introduced into competent 
XLl-Blue cells. 

10 The nucleotide sequence of the full-length cDNA and 

the predicted amino acid sequence of the encoded protein 
are shown in Figures 2A-2B (see also SEQ ID NO: 3 and SEQ ID 
NO: 4). The cDKA sequence shown in Figures 2A-2B was 
determined from clones A31 (bases 15-365 (numbering as in 

15 Figures 2A-2B) } , and the M-16/Bluescript construct (bases 
366 to 1152 (numbering as in Figures 2A-2B) ) . A comparison 
of the amino acid sequence of the novel receptor with other 
proteins revealed that the novel receptor and the 
MIP-la/RANTES receptor share 62% sequence identity, and the 

20 novel receptor and the MCP-1 receptor share 50.57% sequence 
identity. Sequence identity was determined using the 
Wisconsin UW GCG package (program gap) , with the Needleman 
and Wunsch algorithm (Needleman and Wunsch, J . Mo J. Biol. 
48:443-453 (1970)). 

25 Northern Analysis 

RNA for Northern analysis was obtained from a patient 
having hyper-eosinophilia. The eosinophils were isolated 
as described (Costa , J.J., et al., J. Clin. Invest., 91: 
2673 (1993)). Total eosinophil RNA was isolated using 

30 standard procedures (In: Current Protocols In Molecular 
Biology, Vol. 1, Ausubel, F. M. et al., Eds., (John Wiley & 
Sons: New York, NY) page 4.2.2-4.2,3 (1991)). The total 
RNA was fractionated on a 1% agarose gel, and then blotted 
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onto GeneScreen filters (Nw England Nuclear) . Filters 
were probed at high stringency according to the * 
manufacturer's protocol for high stringency washing of Gene 
Screen blots (New England Nuclear) . 
5 Several Northerns were prepared. One involved probing 

with the EcoRI-NotI fragment of the M16/Bluescript 
construct, and others were probed with the EcoRI -NotI 
fragment from clone A31. Both EcoRI-NotI fragments include 
the 3' untranslated regions. Probes were labeled with ^P 

10 using a random primer labeling kit (Boehringer Mannheim 
Biochemicals) • 

The Northern blots each revealed a very strong signal 
of approximately 1.8 kb in total human eosinophil UNA. 
This result indicates that the A31 RNA is expressed at very 

15 high levels in eosinophils from this patient. 



example fl 

Expression of cDNA encoding Eos L2 rece ptor and 
Lioand Binding studio 

Constructs 

20 Vectors A31 (described above) and A31-pcDNA3 were used 

for expression and binding analyses. To construct 
A31-pcDNA3, vector A31 was digested with EcoRI and NotI, 
the -1.8 kb insert was isolated using Gene Clean (BiolOl) , 
and was inserted into the EcoRI and NotI sites of vector 

25 pcDNA-3 (Invitrogen) , which had been digested with both 
EcoRI and NotI. The ligated construct, designated A31- 
pcDNA3, was introduced into competent XLl-Blue cells. 



Transient Transf ections 

Transient transf ections using A31 in the kidney cell 
30 line 293 initially suggested high affinity binding of A31 
with radioactive RANTES. These initial binding studies 
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have been difficult to reproduce. Accordingly, stable cell 
lines have subsequently been produced with A31/pcDNA3 
stably integrated into both RBL (rat basophilic leukemia) 
and 293 cells. RBL cells (Accession No. ATCC CRL 1378) 
5 were obtained from the American Type Culture Collection 

(ATCC) f 12301 Parklavn Drive, Rocfcville, MD 20852, and 293 
cells (Accession No. ATCC CRL 1573) were a gift from I. 
Charo, Gladstone Cardiovascular Institute. 

Stable Cell Lines 

10 Stable cell lines were constructed as follows. 

A31-pcDNA3 was linearized by digestion with Notl. The 
linearized plasmid was introduced into RBL and 293 cells by 
electroporation. Confluent 293 and RBL cells growing in 
100 X 20 mm plates were trypsinized, resuspended in 1 cc of 

15 phosphate buffered saline (PBS) and electroporated in a 0.4 
cm cuvette (BioRad) with settings of 960 microfarads and 
250 volts. Stable transf ectants were isolated by positive 
selection in medium containing geneticin. Specifically, 
the cells were first cultured in DMEM (BRL) , 10% fetal calf 

20 serum for several days, and then were switched to DMEM, 10% 
fetal calf serum with 0.9 mg/cc of Geneticin (BRL). (DMEM, 
Dulbecco's Modified Eagle's Medium) . After 3 weeks, 
surviving colonies were isolated sterilely with cloning 
cylinders, and individual clones were grown in individual 

25 wells in DMEM, 10% fetal calf serum with 0.9 mg/cc of 
Geneticin (BRL) . 

Surviving clones which expressed A31 RNA at high 
levels were detected by Northern analysis. 120 stable 
transfectants of the RBL line, and 38 stable transf ectants 

30 of the 293 cell line, were screened. Specifically, RNA 
from individual clones was isolated using the acid phenol 
method (Chomczynski, P. and N. Sacchi, Anal. Blochem., 162: 
156-159 (1987)). RNA was fractionated by electrophoresis, 
blotted onto GeneScreen (New England Nuclear) , and Northern 
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blots were probed according to the manufacturer's 
suggestion for high stringency wash. The EcoRX-NotX insert 
from plasaid A31 was isolated, radiolabeled with 32 P using 
the random primer labeling kit (Boehringer Mannheim 
5 Biochemicals) , and used as a probe. RNA was quantified by 
ethidium bromide staining on gels. Untransfected 293 or 
RBL cells were used as negative controls for the 
corresponding transfectants. 

Stable cell lines designated A31-293-#8, A31-293-/9, 
10 A31-293-#17, and A3 1-293-/20 were subsequently found to 
express A31 RNA at very high levels relative to other 
lines. Clone A31-293-#20 which highly expresses the A31 
message by Northern analysis, was selected for further 
study. 

15 One RBL line was found to express low-medium amounts 

of RNA, but did not appear to bind RANTES under the 
conditions used (not shown) . 

Liaand Binding 

Stable clone A31-293-/20 was grown in quantities 

20 sufficient for binding assays. In particular, cells were 
grown in 100 mm plates in DMEM, 10% fetal calf serum, 0*9 
mg/cc geneticin. Plates were grown to confluence, and 
membranes were prepared as follows. Culture medium was 
removed, and the cells were washed with phosphate buffered 

25 saline. Cells were harvested by washing with TEN (40 mM 
TRIS, pH 7.5, 1 mM EDTA, and 150 mM NaCl) . The cells were 
frozen in liquid nitrogen, thawed at room temperature, and 
the membrane fraction was collected by centrifugation in a 
conical tube for 10 minutes at 16,000 rpm. Each binding 

30 point was determined using one-half of the membranes 

harvested from a single 100 mm plate grown to confluence. 

l25 I -labeled RANTES was purchased from New England 
Nuclear, and cold RANTES was purchased from Peprotech 
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( Princeton, N.J. ) . ^i-labeled MCP-3 was a gift from New 
England Nuclear, and cold MCP-3 was a gift from J. Van 
Damme, Rega Institute for Medical Research, University of 
Leuven, B-3000 Leuven, Belgium (see also, Opdenakker , G. et 
5 al«, Biochem. Biophys. Res. Comrnun. , 191(2): 535-542 

(1993)). Binding assays were performed as described by Van 
Riper, G. et al., J . Exp. Med., 177: 851 (1993), with the 
following modifications* In particular, the binding to 
membranes of 0.125 nanomolar of 125 I-RANTES was performed in 

10 the presence of varying concentrations of unlabeled ligand. 
Binding buffer was 50 mM Hepes, 1 mM CaCl 2 , 5 mM MgCl 2 , 
0.5% BSA, pH 7,2. Radiolabeled and cold ligand were added 
simultaneously to the membranes (see above) , and incubated 
for 1.5 hours at room temperature. / The binding reaction 

15 was added to 2 cc of wash buffer (0.5 M NaCl, 50 mM Hepes, 
1 mM CaCl 2 , 5 mM MgCl 2 , 0.5% BSA, pH 7.2), mixed by 
vortexing, and then placed on polyethyleneimine-treated 
Whatman GFC filters. Filters were washed with an 
additional two ccs of wash buffer. Activity retained on 

20 filters after washing was determined by scintillation 
counting. Filters were placed in 5 cc of scintillation 
fluid and were then counted in a miniaxi-beta liquid 
scintillation counter (United Technologies, Packard, 
Downers Grove, IL) . All points were determined in 

25 triplicate, except for the point at 2 nM, which was 
determined in duplicate. 

The results of the assay indicated high affinity 
binding of RANTES to the receptor encoded by the A31 clone 
(Figure 19) . Scatchard analysis of the data indicated a K d 

30 of - 2.5 nM for RANTES, which is what is expected in normal 
cells. 

Binding of MCP-3 to membranes from clone A31-293-#20 
was also assessed using the ligand binding assay described 
above for RANTES binding to A31-293-/20 membranes (Figure 



SUBSTITUTE SHEET (BOLE 26) 



WO 96/22371 PCT/US96A00608 



10 



-107- 



20). Binding reactions contained 0.125 nanomolar l23 i- 
labeled MCP-3. 

In addition, specificity of binding was assessed by 
determining the extent to which labeled MCP-3 (bound in the 
absence of cold MCP-3) , could be displaced by cold MCP-3 
(Figure 21) . All points were taken in duplicate. 

The MCP-3 bound to membranes from untransf ected cells 
could not be displaced by I25 I-labeled MCP-3 , indicating 
non-specific binding, m comparison, the MCP-3 bound to 
membranes from A3l-293-#20 cells could be displaced by hot 
MCP-3, which is indicative of specific binding. 

The results of these assays indicate that the receptor 
encoded by the A31 cDNA specifically binds human MCP-3. 

Equivalent-" 

Those skilled in the art will be able to recognize, or 
be able to ascertain, using no more than routine 
experimentation, many equivalents to the specific 
embodiments of the invention described herein. Such 
equivalents are intended to be encompassed by the following 
claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(1) APPLICANTS Gerard, Craig 

Gerard , Norma P. 
Mackay, Char 1m 
Ponath f Paul D. 
Post, Theodore W. 
Qin, Shixln 

(ii) TITLE OP INVENTIONS G-PROTEIN COUPLED RECEPTOR GENE 
(111) NUMBER OF SEQUENCES I 18 

(iv) CORRESPONDENCE ADDRESS t 

(A) ADDRESSEES Hamilton, Brook, Smith & Reynolds, P.C. 

(B) STREETS Two Militia Drive 
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(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
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(C) OPERATING SYSTEMS PC-DOS/MS-DOS 

(D) SOFTWARES Patent In Release #1.0, Version #1.30 
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(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBERS US 08/375,199 
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(viii) ATTORNEY / AGENT INFORMATION s 
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(A) TELEPHONES 617-861-6240 

(B) TELEFAX s 617-861-9540 



(2) INFORMATION FOR SEQ ID NOsl: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 1689 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: double 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION* SEQ ID HOtlt 



AATCCTTTTC 


CTGGCACCTC 


TQATATCCTT 


TTGAAATTCA 


TGTTAAAGAA TCCCTAGGCT 


60 


CCTATCACAT 


CTCCCATCTT 


TGTTCAGTAC 


ATQAATAAAT 


CAACTGGTGT GTTTTACGAA 


120 


GGATGATTAT 


CCTTCATTCT 


CGGATTGTAT 




CTATCACAGG GAGAAGTGAA 


180 


ATGACAACCT 


CACTAGATAC 


AG77GAGACC 


TTTGGTACCA 


CATCCTACTA TGATGACGTG 


240 


GGCCTGCTCT 


GTGAAAAAGC 


TGATACCAGA 


GCACTGATGG 


CCCAGTTTGT GCCCCOGCTO 


300 


TACTCCCTGG 


TCTTCACTCT 


GGGCCTCTTG 


GGCAATGTGG 


TGGTGGTGAT GATCCTCATA 


360 


AAATACACGA 


CGCTCOGAAT 


TATGACCAAC 


ATCTACCTGC 


TCAACCTGGC 


CATTTCGGAC 


420 


CTOCTCTTCC 


TOGTCACCCT 


TCCATTCTGG 


ATCCACTATO 


TCAGCGGGCA 


TAACTGGGTT 


480 


TTTGGCCATG 


CCATOTGTAA 


GCTCCTCTCA 


GGCTTTTATC 


AGACAGGCTT 


GTACAGOGAC 


540 


ATCTTTTTCA 


TAATCCTCCT 


GACAATOGAC 


AGGTACCTGG 


CCATTGTCGA 


TGCTGTGTTT 


600 


GCCCTTCCAG 


CCOGOACTGT 


GACTTTTGGT 


GTCATCACCA 


GCATCGTCAC 


CTGGGGCCTG 


660 


CCACTCCTAC 


CACCTCTTCC 


TGAATTTATC 


TTCTATGAGA 


CTGAAGAGTT 


GTTTGAAGAG 


720 


ACTCTTTOCA 


CTCCTCTTTA 


CCCAGAGGAT 


ACAGTATATA 


CCTGGAGGCA 


TTTCCACACT 


780 


CTGAGAATGA 


CCATCTTCTC 


TCTOCTTCTC 


CCTCTGCTOG 


TTATGGCCAT 


CTGCTACACA 


840 


GOAATCATCA 


AAACGCTCCT 


GAGGTGCCCC 


AGTAAAAAAA 


AGTAGAAGGC 


CATCCGGCTC 


900 


ATTTTTCTCA 


TGATGGCGGT 


CTTTTTCATT 


TTCTGGACAC 


CCTACAATGT 


CGCTATCCTT 


960 


CTCTCTTCCT 


ATCAATCCAT 


CTTATTTGGA 


AATGACTGTG 


AGOGGAGGAA 


GGATCTGGAC 


1020 


CTGGTCATGC 


TCGTGACAGA 


CCTGATCGCC 


TACTCCCACT 


GCTGCATGAA 


CCOGGTGATC 


1O80 


TACGCCTTTG 


TTGGAGAGAC 


GTTCCGGAAG 


TAOCTGOGCC 


ACTTCTTCCA 


CAGGCACTTG 


1140 


CTCATCCACC 


TGGGCAGATA 


CATOCCATTC 


CTTCCTAGTG 


AGAAGCTGGA AAGAACCAGC 


1200 


TCTGTCTCTC 


CATCCACAGC 


ACAGCOGGAA 


CTCTCTATTG 


TGTTTTAGGT AGATGCAGAA 


1260 


AATTOCCTAA 


AGAGGAAGGA 


CCAAGGAGAT 


NAAGCAAACA 


CATTAAOCCT 


TCCACACTCA 


1320 


CCTCTAAAAC 


AGTCCTTCAA 


ACCTTCCAGT 


GCAACACTOA 


AGCTCTTAAG 


ACACTGAAAT 


1380 


ATACACACAO 


CAGTACCAOT 


AOATGGATGT 


ACCCTAACGT 


CATTACCACA 


GGCCAGGGCT 


1440 


GGGCAGCGTA 


CTCATCATCA 


ACCTAAAAAG 


CAGAGCTTTG 




TAAAATGAGT 


1500 


TACCTATATT 


TTAATOCACC 


TGAATGTTAG 


ATAGTTACTA 


TATGCCGCTA 


CAAAAAGGTA 


1560 


AAACTTTTTA 


TATTTTATAC 


ATTAACTTCA 


GCCAGCTATT 


ATATAAATAA 


AAGATTTTCA 


1620 


CACAATACAA 


TAAGTTAACT 


ATTTTATTTT 


CTAATGTGCC 


TAG mil TC 


CCTGCTTAAT 


1660 


GAAAAGCTT 












1669 
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(2) INFORMATION FOR SEQ ID HOt2i 

(1) SEQUENCE CHARACTERISTICS t 

(A) LENGTH* 355 amino acida 

(B) TYPE* amino acid 

(C) STRANDEDNESS t 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPEt protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Thr Thr Ser Leu Asp Thr V&l Glu Thr Phe Gly Thr Thr Sar Tyr 

15 10 15 

Tyr Aap Asp Val Gly Leu Leu Cya Glu Lya Ala Asp Thr Arg Ala Leu 

20 25 30 

Met Ala Gin Phe Val Pro Pro Leu TyrSer Leu Val Phe Thr Phe Gly 
35 40 45 

Leu Leu Gly Aan Val V&l Val Val Mat He Leu He Lya Tyr Arg Arg 

50 55 60 

Leu Arg He Met Thr Aan He Tyr Leu Leu Ann Leu Ala He Ser Asp 
65 70 75 80 

Leu Leu Phe Leu Val Thr Leu Pro Phe Trp He Hie Tyr V&l Arg Gly 
85 90 95 

His Aon Trp V&l Phe Gly His Gly Met Cya Lya Leu Leu Ser Gly Phe 

100 105 110 

Tyr His Thr Gly Leu Tyr Ser Glu He Phe Phe He He Leu Leu Thr 

115 120 125 

He Asp Arg Tyr Leu Ala He Val Hia Ala Val Phe A1& Leu Arg Ala 
130 135 140 

Arg Thr Val Thr Phe Gly Val He Thr Ser He Val Thr Trp Gly Leu 

145 150 155 160 

Ala V&l Leu Ala Ala Leu Pro Glu Phe He Phe Tyr Glu Thr Glu Glu 
165 170 175 

Leu Phe Glu Glu Thr Leu Cya Ser Ala Leu Tyr Pro Glu Aap Thr V&l 

180 185 190 

Tyr Ser Trp Arg Bis Phe Hia Thr Leu Arg Met Thr He Phe Cya Leu 

195 200 205 

V&l Leu Pro Leu Leu Val Met A1& He Cya Tyr Thr Gly He He Lya 

210 215 220 

Thr Leu Leu Arg Cya Pro Ser Lys Lya Lya Tyr Lya Ala He Arg Leu 

225 230 235 240 

He Phe V&l He Met Ala Val Phe Phe He Phe Trp Thr Pro Tyr Aan 

245 250 255 
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Val Ala lie Leu Leu Ser Ser Tyr Gin Ser lie Leu Phe Gly Am Asp 

260 265 270 

Cys Glu Arg Thr Lys His Leu Asp Leu Val Met Leu Val Thr Glu Val 

275 280 285 

110 Tyr S * r BL * °y* *•* hmn Pro V* 1 *Y* AU Phe val 

290 295 300 

Gly Glu Arg Phe Arg Lys Tyr Leu Arg His Phe Phe His Arg His Leu 

305 310 315 320 

Leu Met: His Leu Gly Arg Tyr Xle Pro Phe Leu Pro Ser Glu Lye Leu 

325 330 335 

Glu Arg Thr Ser Ser Val Ser Pro ser Thr Ala Glu Pro Glu Leu Ser 
340 345 350 

lie Val Phe 

355 

(2) INFORMATION FOR SEQ ID HOs3x 

(1) SEQUENCE CHARACTERISTICS i 

(A) LENGTH t 1193 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSt double 

(D) TOPOLOGY* linear 

(ii) MOLECULE TYPES CDMA 

(Lx) FEATURES 

(A) NAME/KEY: CDS 

(B) LOCATION: 92.. 1156 

<xi) SEQUENCE DESCRIPTIONS SEQ ID NOt3t 

TTGTCCTTAT CCGGGCAAGA ACTTATOGAA ATACAATAGA AGACCCACGC GTCCGGTTTT 60 

TACTTAGAAG AGATTTTCAG GGAGAAGTGA A ATO ACA ACC TCA CTA GAT ACA 112 

Met Thr Thr Ser Leu Asp Thr 

1 5 

CTT GAG ACC TTT OCT ACC ACA TCC TAC TAT GAT GAC GTG GGC CTG CTC 160 
Val Glu Thr Phe Oly Thr Thr Ser Tyr Tyr Asp Asp Val Gly Leu Leu 

10 15 20 

TGT GAA AAA OCT GAT ACC AGA OCA CTG ATO GCC GAG TTT GTG CCC CCG 208 
Cys Glu Lys Ala Asp Thr Arg Ala Leu Met Ala Gin Phe Val Pro Pro 

25 30 35 

CTG TAC TCC CTG GTG TTC ACT GTG GGC CTC TTO GGC AAT GTG GTG GTG 256 
Leu Tyr Ser Leu Val Phe Thr Val Gly Leu Leu Gly Asn Val Val Val 
40 45 50 55 

GTG ATO ATC CTC ATA AAA TAC AGO AGG CTC OCA ATT ATG ACC AAC ATC 304 
Val Met lie Leu He Lys Tyr Arg Arg Leu Arg He Met Thr Asn He 

60 65 70 
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TAC CTC CTC AAC CTQ CCC ATT TCC OAC CTC CTC TTC CTC CTC ACC CTT 352 
Tyr Leu Leu Aan Leu Ala Zle Sar Aap Lau Leu Phe Leu Val Thr Leu 

75 80 85 

CCA TTC TGO ATC CAC TAT CTC AGG CCC CAT AAC TCC GTT TTT CCC CAT 400 
Pro Phe Trp lie Hie Tyr Val Arg Cly RU Aan Trp Val Phe Gly Bis 
90 95 100 

CCC ATG TCT AAC CTC CTC TCA CCC TTT TAT CAC ACA CCC TTC TAC ACC 448 
Gly Mat Cye Lys Leu Leu Ser Gly Phe Tyr His Thr Gly Leu Tyr Ser 

105 HO 115 

GAG ATC TTT TTC ATA ATC CTC CTC ACA ATC CAC AGG TAC CTC CCC ATT 496 
Glu Zle Phm Phe II* He Leu Leu Thr lie Asp Arg Tyr Leu Ala He 

120 125 130 135 

CTC CAT OCT CTC TTT CCC CTT CQA CCC CCC ACT CTC ACT TTT CCT CTC 544 
Val Bis Ala Val Phe Ala Leu Arg Ala Arg Thr Val Thr Pha Gly Val 
140 145 150 

ATC ACC AGC ATC CTC ACC TCC CCC CTC CCA CTC CTA CCA CCT CTT CCT 592 
lie Thr Ser lie Val Thr Trp Gly Leu Ala Val Leu Ala Ala Leu Pro 
155 160 165 

CAA TTT ATC TTC TAT GAG ACT GAA GAG TTC TTT GAA GAG ACT CTT TCC 640 
Glu Phe lie Phe Tyr Glu Thr Glu Glu Leu Phe Glu Glu Thr Leu Cya 
170 175 180 

ACT CCT CTT TAC CCA GAG GAT ACA GTA TAT AGC TGG AGG CAT TTC CAC 688 
Ser Ala Leu Tyr Pro Glu Aap Thr Val Tyr Ser Trp Arg Bie Phe Bia 

185 190 195 

ACT CTC ACA ATG ACC ATC TTC TCT CTC CTT CTC CCT CTC CTC CTT ATG 736 
Thr Leu Arg Met Thr Zle Phe Cya Leu Val Leu Pro Lau Leu Val Met 

200 205 210 215 

CCC ATC TCC TAC ACA GGA ATC ATC AAA ACC CTC CTC AGG TCC CCC ACT 784 
Ala Zle Cya Tyr Thr Gly lie lie Lys Thr Leu Leu Arg Cya Pro Ser 

220 225 230 

AAA AAA AAC TAC AAG CCC ATC CCC CTC ATT TTT CTC ATC ATG CCC CTC 832 
Lye Lye Lye Tyr Lys Ala lie Arg Leu Zle Phe Val He Met Ala Val 
235 240 245 

TTT TTC ATT TTC TGG ACA CCC TAC AAT CTC CCT ATC CTT CTC TCT TCC 880 
Phe Phe Zle Phe Trp Thr Pro Tyr Aan Val Ala lie Leu Leu Ser Ser 

250 ' 255 260 

TAT CAA TCC ATC TTA TTT GGA AAT GAC TCT GAG CCC AGC AAG CAT CTC 928 
Tyr Gin Ser lie Leu Phe Gly Aan Asp Cya Glu Arg Ser Lys Bis Leu 

265 270 275 

GAC CTO CTC ATG CTO GTG ACA GAG CTC ATC CCC TAC TCC CAC TCC TCC 976 
Aap Leu val Met Leu Val Thr Glu Val Zle Ala Tyr Ser Bis eye Cya 

280 285 290 295 

ATG AAC COG GTG ATC TAC GCC TTT GTT GGA GAG AGG TTC CCC AAG TAC 1024 
Met Aan Pro Val Xle Tyr Ala Phe Val Gly Glu Arg Phe Arg Lya Tyr 

300 305 310 
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1166 



1120 



1072 



CAGAAAATTG CCTAAAGAGG AAGGACC 



(2) INFORMATION FOR SSQ ID ROt4t 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENG TH i 355 aaino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: p rot. in 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Thr Thr Sar Leu Aap Thr Val Glu Thr Pha Gly Thr Thr Sar Tyr 

1 5 10 IS 

Tyr Aap Aap Val Gly Lau Lou Cyi Glu Ly« Ala Asp Thr Arg Ala Leu 

20 25 30 

Mat Ala Gin Pha Val Pro Pro Lau Tyr Sar Lau Val Pha Thr Val Glv 
35 40 45 

^ *tn ° ly A>n Val VAl Val Val 1Xa ^ I1# **■ Arg Arg 



Lau Arg Ila Met Thr Aan lie Tyr Lau Lau Aan Leu Ala lie Ser Aap 

*5 70 75 80 

Leu Lau Pha Leu Val Thr Leu Pro Phe Trp He Hia Tyr Val Arg Gly 

85 90 95 

Hia Aan Trp Val Pha Gly Hia Gly Mat Cya Lya Lau Leu Sar Oly Pha 

100 105 HO 

Tyr Hia Thr Oly Leu Tyr Ser Glu He Pha Pha He He Leu Leu Thr 

115 120 125 

He Aap Arg Tyr Leu Ala He Val Hia Ala Val Pha Ala Leu Arg Ala 

130 135 140 

Arg Thr Val Thr Phe Oly Val He Thr Ser He Val Thr Trp Gly Leu 

150 155 160 

Ala Val Leu Ala Ala Leu Pro Glu Phe Ha Pha Tyr Glu Thr Glu Glu 

165 170 175 

Leu Phe Glu Glu Thr Leu Cya Ser Ala Leu Tyr Pro Glu Aap Thr Val 



180 



185 



190 
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Tyr S.r Trp Arg Hi. Ph. Hi. Thr l« Arg M.t thr II. p h . cy. Lmi 
V.1 L.u Pro I*u L.u V.1 M.t Ala u. cy. Tyr Thr Oly II. „. ly . 

Thr L.u t*u Arg Cy. Pro S.r Ly. Ly. Ly. Tyr Ly. Al. ,1. Arg Lmu 
230 235 240 

II. Ph. V.1 II. Kjt Al. V.1 Ph. Ph. II. Ph. Trp Thr Pro Tyr A.„ 

VI Al. II. Lj« L.u S.r S .r Tyr Gin S.r II. L« Ph . cly A . n Amp 

265 

Cy. Glu AT, S« Ly. Hi. L.U A.p Ug V.1 M.t I^u v.1 Thr Glu V.1 

2 SO 285 
II. Al. Tyr S.r Hi. Cy. cy. H.t A.„ Pro V.1 II. Tyr Al. Ph. V.1 



300 



Oly Glu Arg Ph. Ar, Ly. Tyr L«, Ar, Hi. Ph. Ph. Hi. Arg Hi. i*» 
310 315 320 

L.u M. t Hi. Lmi Oly Arg Tyr II. Pro Ph. L.« Pro Ser Glu Ly. L.u 

330 335 

Glu Arg Thr S.r S.r v.1 S.r p ro s.r Thr Al. Glu Pro Glu Uu S.r 

" S *° 345 «n 



He Val Phe 

355 



(2) INFORMATION POR SBQ ID NOs5: 

(i) SEQUENCE CHARACTERISTICS I 

(A) LENGTHS 1116 baa* pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : double 
(0) TOPOLOGY: linear 

<xi) SEQUENCE DESCRIPTION I SEQ ID NO: 5: 

CACGCAGAAO TGAAATGACA ACCTCACTAO ATACAGTTGA GACCTTTGOT ACCACATCCT 60 

ACTATGATGA CCTOGCCCTO CTCTGTUAAA AAGCTCATAC CACAGCACTG ATGGCCCACT 120 

TTCTCCCCCC CCTGTACTCC CICGTCTTCA CTGTGCGCCT CTTGGGCAAT GTGGTGGTGG 180 

TGATCATCCT CATAAAATAC ACGAGGCTCC CAATTATGAC CAACATCTAC CTCCTCAACC 240 

TGCOCATTTC GGACCTGCTC TTCCTCGTCA CCCTTCCATT CTCCATCCAC TATGTCAGGG 300 

GOCATAACIO GOTTTTTGGC CATGGCATCT CTAACCTCCT CTCAGGGTTT TATCACACAC 360 

GCTTGTACAO CGACATCTTT TTCATAATCC TGCTGACAAT CGACAGGTAC CTCOCCATTO 420 

TCCATCCTOT CTTTGCCCTT CGAGCCCCCA CTCTCACTTT TCGTCTCATC ACCACCATCC 480 

TCACCTGGGO CCTCGCAGTO CTAGCAGCTC TTCCTCAATT TATCTTCTAT GAGACTGAAG 540 
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AGTTCTTTGA AGACACTKTT TCCAOTCCTC TTTACCCAGA GCXTACACTA TATACCTCGA 600 

CSSATTTCCA CACTCTCAGA ATGACCATCT TCTCTCTCCT TCTCCCTCTG CTCCTTATCC 660 

CCATCTCCTA CACAGCAATC ATCAAAACCC TCCTCACGTO CCCCAGTAAA AAAAACTACA 720 

AGGCCATCCG CCTCATTTTT CTCATCATGO CCCTGTTTTT CATTTTCTGG ACACCCTACA 780 

ATCTCCCTAT CCTTCTCrCT TSCYWWYMAW YCATCTTATT TCCAAATCAC TOTGACOCGM 040 

HGAR3MWYYK GOACCTGGTC ATGCTOCTGA CACAOCTOAT CCCCTACTCC CACTCCTCCA 900 

TGAACCCCCT CATCTAOCCC TTTCTTGGAG ACAGOTTCCG CAACTACCTO OGCCACTTST 960 

TCCACACCCA CTTGCTCATC CACCTCGCCA CATACATCCC ATTCCTTCCT ACTCACAACC 1020 

TGGAAAGAAC CACCTCTCTC TCTCCATCCA CAOCAGACCC COAACTCTCT ATTCTCTTTT 1080 

AGCTAGAIOC ACAAAATTCC CTAAACACOA AGGAGC 1116 
(2) INFORMATION FOR SZQ ID NO: 6: 

(1) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 3S5 amino acids 

(B) TYPE i amino acid 

(C) STRANDED NESS t 
(O) TOPOLOGY: linear 

(ii> MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Mat Thr Thr Ser Leu A.p Thr Val Glu Thr Pha Gly Thr Thr Ser Tyr 

1 5 10 is 

Tyr Asp Aap Val Gly Leu Leu Cya Glu Lya Ala Aap Thr Arg Ala Leu 

20 25 30 

Met Ala Gin Phe Val Pro Pro Leu Tyr Ser Leu Val Pha Thr Val Glv 
35 40 45 7 

Leu Leu Gly Aan Val Val Val Val Mat He Leu lie Lya Tyr Arg Arg 

50 55 60 

Leu Arg He Met Thr Aan He Tyr Leu Leu Aan Leu Ala He Ser Aap 

65 70 75 80 

Leu Leu Phe Leu Val Thr Leu Pro Phe Trp He His Tyr Val Arg Gly 

85 90 95 

Hia Aan Trp Val Phe Gly Hie Gly Met Cya Lya Leu Leu Ser Gly Pha 

100 105 HO 

Tyr Hia Thr Gly Leu Tyr Ser Glu He Phe Phe He He Leu Leu Thr 

115 120 125 

He Aap Arg Tyr Leu Ala He Val Hia Ala Val Pha Ala Leu Arg Ala 

130 135 140 

Arg Thr Val Thr Phe Gly Val He Thr Ser He Val Thr Trp Gly Leu 
145 150 155 160 
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Ala Val Leu Ma Ala Leu Pro Clu Phe lie Phe Tyr Clu Thr Glu clu 

165 170 175 

Leu Phe Clu Clu Thr Xaa Cya Ser Ala Leu Tyr Pro Clu Aap Thr Val 
180 185 190 

Tyr Ser Trp Xaa Xaa Phe Hia Thr Leu Arg Met Thr lie Phe Cy. Leu 

195 200 205 

VAl 210 ^ A1 * 110 220 lX * 

Thr Leu Leu Arg Cya Pro Ser Lya Lye Ly. Tyr Lya Ala lie Arg Leu 

225 230 235 240 

lie Phe Val lie Met Ala Val Phe Phe He Phe Trp Thr Pro Tyr Aan 

245 250 255 

Val Ala He Leu Leu Ser Xaa Xaa Xaa Xaa He Leu Phe Cly Aan Aap 

2o0 265 270 

Cya Clu Arg Xaa Xaa Xaa Xaa Aap Leu Val Met Leu Val Thr Clu Val 

275 2B0 285 

110 iiS Ser HlB Cys °y m Met ABn Pro v *l Tyr Ala Phe Val 

2 »0 295 300 

Cly Clu Arg Phe Arg Lya Tyr Leu Arg Hia Xaa Phe Hia Arg Hie Leu 

305 310 315 320 

Leu Met Hie Leu Cly Arg Tyr He Pro Phe Leu Pro Ser Glu Lye Leu 

325 330 335 

Clu Arg Thr Ser Ser Val Ser Pro Ser Thr Ala Clu Pro Clu Leu Ser 
340 345 350 



He Val Phe 

355 



(2) INFORMATION FOR SEQ ID NOi7i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 1 25 baae pairs 

(B) TYP E 1 nucleic acid 

(C) STRANDSDNBSS t « ingle 

(D) TOPOLOGY: linear 

(ix) FEATURE 1 

(A) NAME/KEY: modified base 

(B) LOCATION t 19 

(D) OTHER INFORMATION: /mod_baee* i 

(ix) FEATURES 

(A) KAMB/XEY: modified base 

(B) LOCATION: 24 

(D) OTHER INFORMATIONS /mod base- i 



(Xl) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 
TACCTGCTSA ACCTGCCCNT GGCNC 



WO 96/22371 



PCIYUS96/00608 



-117- 

(2) INFORMATION FOR SEQ ID HOsBs 

(i) SEQUENCE CHARACTERISTICS J 

(A) LENGTHS 25 baaa pairs 

(B) TYPE i nucleic acid 

(C) STRAN0EDNES8: aingla 

(D) TOPOLOGY x linaar 

(lx) FEATURE t 

(A) NAME/KEY s modified baaa 

(B) LOCA TION! 9 ~ 

(D) OTHER INFORMATION I /s»d_baaa« i 

(lx) FEATURES 

(A) NAME/KEY s modifiad baaa 

(B) LOCATIONS 14 

<D) OTHER INFORMATION* /nodjbaaa* i 

<xi) SEQUENCE DESCRIPTIONS SEQ ID NOsSs 
ACCTGCCCNT CGCNGACCTM CTCTT 

25 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 27 baaa pairs 

(B) TYPEs nuclaic acid 

(C) STRAND EDNESS s sing la 

(D) TOPOLOGY: linaar 

<ix) FEATURES 

(A) NAME/KEY s modifiad basa 

(B) LOCA TIONS 18 

(D) OTHER INFORMATIONS /aodjbase- i 

(xi) SEQUENCE DESCRIPTIONS SEQ ID N0s9: 
GACCGYTACC TGGCCATNCT CCAYOCC 
(2) INFORMATION FOR SEQ ID NOslOs 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENG THS 27 baaa pairs 

(B) TYPEs nuclaic acid 

(C) STRANDED NESS: slngla 
<D) TOPOLOGYs linaar 

(lx) FEATURES 

(A) NAME /KEY s aodiflad basa 

(B) LOCAT IONS 10 

(D) OTHER INFORMATIONS /aod_b*s«~ 1 

(xi) SEQUENCE DESCRIPTION s SEQ ID NOslOs 
COCRTCGACW ATGGCCAGCT ARCGGTC 2? 



27 
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(2) I NFORMATION FOR SEQ ID NO:lli 

(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH! 27 base pair* 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY] linear 

(ix) FEATURE I 

(A) NAME /KEY: modified base 

(B) LOCATION: 1 " 

(D) OTHER INFORMATION: /mod_baae« i 

(ix) FEATURE: 

<A) NAKE/XEYi modified baae 

(B) LOCATION: 6 " 

(D> OTHER INFORMATION x /mod_baae» i 

(ix) FEATURE i 

(A) NAME/KEY: modified base 

(B) LOCA TION: 16 

<D) OTHER INFORMATION: /raodjjase* i 
(ix) FEATURE: 

(A) NAME/KEY : modified baae 

(B) LOCAT ION: 18 

(D) OTHER INFORMATION: /mod_baae- i 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
NACCANRTTG TAGGGNRNCC ARMARAG 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: aingle 

(D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME/KEY: modified base 

(B) LOCA TION: 8 

(D) OTHER INFORMATION: /modjbase- i 

(ix) FEATURE: 

(A) NAME/KEY: modified baee 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /modjoase- i 

(ix) FEATURE: 

(A) NAME/KEY: modified base 

(B) L OCAT ION: 23 

(D) OTHER INFORMATION : /mod baae- i 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TGTAGCGNRN CCARMARACR AGNARGAA 
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(2) INFORMATION FOR SEQ 10 NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 27 baaa pai r . 

(B) TYPE: nttclaic acid 

(C) STRANDEDNESS: ainala 
<D) TOPOLOGY 2 linaar 

(ix) FEATURE: 

(A) NAME/KEY: modifiad baaa 

(B) LOCATION i 12 i " a -°*" # 

<D) OTHER INFORHATIOHi /mod_baaa- i 
(ix) FEATURE i 

(A) NAME/ KEY t mod if lad baaa 

(B) LOCATION: IS 

(D) OTHSR INFORMATION: /aod_baaa* i 
(ix) FEATURE: 



(A) NAME/KEY t modified baaa 

(B) LOCATION! 16 " 

(0) OTHER INFORMATION t /mod baaa- 



i 



(xi) SEQUENCE DESCRIPTION! SBQ ID N0H3: 
CAAGGCCTAG ANSANNGGGT TGA5GCA 

27 

(2) INFORMATION FOR SBQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 25 baaa pairs 

(B) TYPE i nuclaic acid 

(C) STRANDED NESS t aingia 

(D) TOPOLOGY: linaar 

(ix) FEATURE i 

(A) NAME /KEY: modifiad baaa 

(B) LOCATION: 4 

(D) OTHER INFORMATION: /mod_baaa« i 
(ix) FEATURE: 

(A) name/key t modifiad baaa 

(B) LOCATION: 7 " 

(D) OTHER INFORMATION: /mod_baaa- i 

(ix) FEATURE: 

(A) NAME/KEY: modifiad baaa 

(B) LOCATION: 8 

(0) OTHER INFORMATION: /mod_baaa- i 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
AGANSANNCG GTTGASGCAG CWGTG 

25 
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(2) INFORMATION TOR SEQ ID NO.ls, 

(B) TTPEt nuclaic acid 

(C) STRARDEDNESS, double 

(D) TOPOLOGY: linaar " 

(ix) FEATURE, 

(A) NAME/KEY, CDS 

(B) LOCATION t 16.. 48 

C*D SEQUENCE DESCRIPTION, SEQ ID NO,15- 
*ACCTTCCAG CACCC ATG CAC TAC AA6 CAC CAC CAT CAC AAA CAA TTC 

x *-P xyr Ly. Asp A.p A.p A.p Ly. cit, ph ; « 

10 

(2) INFORMATION FOR SEQ ID NO,16« 

(i) SE ?»T N S„S5 RACTERISTlcs > 

(B» TYPE i amino acid 

<0) TOPOLOGY, Un«*r 
(ii) MOLECULE TTPEt protain 
(xi> SEQUENCE DESCRIPTION, SEQ ID NO, 16, 

***1 A " P «*» *«f *«P A.p A.p Ly. ciu Phe 

s 10 
(2) INFORMATION FOR SEQ ID N0.17, 

(i) SEQUENCE CHARACTERISTICS, 

(B) TYPE, nuclaic acid 

(C) STRANDEDNESS, ainola 

(D) TOPOLOGY, linaar 

(Xi) SBQOEWCE DESCRIPTION, SEQ ID NO,17 : 
TTAAGAATTC ACAACCTCAC TACATAC 

(2) INFORMATION FOR SEQ ID NO, 18, " 

(i) SEQUENCE CHARACTERISTICS , 

(A) LENGTH, 18 baa« pairs 

(B) TTPEt nuclaic acid 

(C) STRANDEDNESS, aiaol* 
(DJ TOPOLOGY: linaar 

(xi) SEQUENCE DESCRIPTION, SEQ ID NO, 18. 
CATACTCOAT CCACAATO 

18 
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What is clained is: 

1. An isolated nucleic acid, wherein said isolated 

nucleic acid hybridizes to a nucleic acid selected 
from the group consisting of: 

a) a nucleic acid having the sequence set forth in 
SEQ ID NO: i or a portion thereof comprising the 
coding sequence; 
b} a nucleic acid having the sequence set forth in 
SEQ ID NO: 3 or a portion thereof comprising the 
coding sequence ; 
c) a nucleic acid having the sequence set forth in 
SEQ ID NO: 5 or a portion thereof comprising the 
coding sequence; 

" d) the complement of any one of (a) through (c) ; and 

e) the RNA counterpart of any one of (a) through 
(d), wherein u is substituted for T. 

2. The isolated nucleic acid of claim i, wherein the 
isolated nucleic acid is essentially pure. 

3. The isolated nucleic acid of claim 1, wherein the 
isolated nucleic acid hybridizes to any one of the 
nucleic acids set forth in a) through e) under 
stringent conditions. 

4. The isolated nucleic acid of Claim 1, wherein the 
isolated nucleic acid encodes at least a functional 
portion of a mammalian cheaokine receptor 3. 

5. The isolated nucleic acid of Claim 4. wherein the 
mammal is a human. 



20 



25 
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6. The isolated nucleic acid of Claim 4, wherein the 
isolated nucleic acid is recombinant. 

7. An isolated, recombinant nucleic acid which encodes a 
mammalian chemokine receptor-3 . 

5 8. An isolated, recombinant nucleic acid of Claim 7, 
wherein the mammal is a primate, 

9. An isolated, recombinant nucleic acid of Claim 8, 
wherein the primate is a human. 

10. An isolated nucleic acid, wherein said nucleic acid 
10 encodes a polypeptide selected from the group 

consisting of: 

a) a polypeptide having the amino acid sequence set 
forth in SEQ ID N0:2; 

b) a polypeptide having the amino acid sequence set 
15 forth in SEQ ID NO: 4; 

c) a polypeptide having the amino acid sequence set 
forth in SEQ ID NO: 6; and 

d) a functional portion of any one of (a) through 
(c) , said portion having at least one function 
characteristic of a mammalian C-C chemokine 
receptor. 



20 



11. The isolated nucleic acid of Claim 10 , wherein said 
nucleic acid is essentially pure. 

12. The isolated nucleic acid of Claim 10, which is a 
25 recombinant nucleic acid. 

13. The nucleic acid of Claim 10, wherein the polypeptide 
binds one or more of RANTES, MCP-3, and eotaxin. 



WO 96/22371 



FCI7US9M0608 



-123- 

14, The nucleic acid of Claim 10, wherein the polypeptide 
binds RANTES. 

15. A recombinant construct comprising a recombinant 
nucleic acid which hybridizes to a nucleic acid 

5 selected from the group consisting of: 

a) a nucleic acid having the sequence set forth in 
SEQ ID NO: 1 or a portion thereof comprising the 
coding sequence; 

b) a nucleic acid having the sequence set forth in 
10 SEQ 10 N01 3 or a portion thereof comprising the 

coding sequence ; 

c) a nucleic acid having the sequence set forth in 
SEQ ID NO: 5 or a portion thereof comprising the 
coding sequence; 

15 d) the complement of any one of (a) through (c) ; and 

e) the RNA counterpart of any one of (a) through 
(d) , wherein U is substituted for T. 

16* The recombinant construct of Claim 15 f wherein the 
recombinant nucleic acid is operably linked to an 
expression control sequence. 



20 



17. The recombinant construct of Claim 15 , wherein the 
recombinant nucleic acid encodes at least a functional 
portion of a mammalian chemokine receptor- 3 . 

18. The recombinant construct of Claim 17, wherein the 
25 mammal is a human* 

19. A recombinant construct comprising a nucleic acid 
which encodes a mammalian chemokine receptor 3. 



20. 



The recombinant construct of Claim 19, wherein the 
mammal is a primate. 
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21. The recombinant construct of Claim 20, wherein the 
primate is a human, 

22. A recombinant construct comprising a nucleic acid, 
wherein said nucleic acid encodes a polypeptide 

5 selected from the group consisting of: 

a) a polypeptide having the amino acid sequence set 
forth in SEQ ID N0:2; 

b) a polypeptide having the amino acid sequence set 
forth in SEQ ID N0:4; 

10 c > * polypeptide having the amino acid sequence set 

forth in SEQ ID NO: 6;' 

d) a functional portion of any one of (a) through 
(c) , said portion having at least one function 
characteristic of a mammalian c-c chemokine 

1$ receptor; and 

e) a functional equivalent of any one of (a) through 
(c). 

23. The recombinant construct of Claim 22, wherein the 
nucleic acid is operably linked to an expression 

20 control sequence. 

24. An isolated, recombinant mammalian chemokine receptor 
3 or portion thereof, said portion having at least one 
function characteristic of a mammalian chemokine 
receptor or an immunological property. 

25 25. An isolated, recombinant receptor of Claim 24, wherein 
the mammal is a human. 



26. An essentially pure mammalian chemokine receptor 3 or 
portion thereof, having at least one function 
characteristic of a mammalian chemokine receptor, for 
30 example, exotaxin binding. 
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27. A host cell containing an isolated, recombinant 
nucleic acid encoding a mammalian CKR-3 receptor 
protein or functional portion thereof. 

28. A host cell of Claim 27 # wherein the nucleic acid is 
operably linked to an expression control sequence, 
whereby the encoded receptor protein or functional 
portion thereof is expressed when the host cell is 
maintained under conditions suitable for expression. 

29. A host cell of Claim 28 , wherein the expressed protein 
binds one or more of RANTES, MCP-3, and eotaxin. 



30. A fusion protein containing a mammalian chemokine 
receptor 3 protein or portion thereof, said portion 
having at least one functional characteristic of a 
mammalian chemokine receptor or an immunological 

15 property. 

31. The fusion protein of Claim 30 wherein the mammalian 
chemokine receptor protein or portion thereof binds 
one or more of RANTES, MCP-3, and eotaxin. 

32. The fusion protein of Claim-30, wherein the 
20 polypeptide binds RANTES. 

33. The fusion protein of Claim 30, wherein the mammal is 
a human. 

34. A nucleic acid construct, wherein said construct is an 
expression vector comprising a nucleic acid encoding a 

25 fusion protein of Claim 30, said nucleic acid 

comprising all or part of the coding sequence for a 
mammalian chemokine receptor 3 protein, wherein the 



WO 96/22371 



PCTAJS96/00608 



-126- 

coding sequence is under the control of an expression 
control sequence. 

35. A method for producing a mammalian chemokine receptor 
3 protein or functional portion thereof comprising 

5 maintaining a host cell containing a recombinant 

nucleic acid encoding said receptor or functional 
portion thereof under conditions suitable for 
expression of the nucleic acid, whereby the encoded 
protein is expressed and said receptor or portion 
10 thereof is produced. 

36. A method for producing a mammalian chemokine receptor 
3 protein or functional portion thereof comprising the 
following steps: 

a) providing a recombinant nucleic acid construct 
15 comprising a nucleic acid which encodes all or 

part of a coding sequence for a mammalian 
chemokine receptor 3 protein wherein the coding 
sequence is operably linked to at least one 
expression control sequence; 
20 *>) introducing the construct into a suitable host 

cells; and 

c) maintaining the host cells in suitable medium 
under conditions whereby the nucleic acid is 
expressed. 



37. The method of Claim 36, further comprising the step of 
isolating a mammalian chemokine receptor 3 protein or 
functional portion thereof from said cell or the 
medium of its growth. 



38. 

30 



An antibody or functional portion thereof which binds 
to a mammalian chemokine receptor 3 protein or portion 
of said receptor protein. 
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An antibody of Claim 38, wherein the mammalian 
chemokine receptor 3 protein is a human mammalian 
chemokine receptor 3 protein. 

A method of detecting a ligand of a mammalian 
chemokine receptor 3 protein or portion thereof 
comprising the steps of combining a compound to be 
tested with an active, isolated mammalian chemokine 
receptor 3 protein under conditions suitable for 
binding of ligand thereto, and detecting or measuring 
the formation of a complex between said compound and 
the active, isolated protein. 

A method of identifying a ligand of a mammalian 
chemokine receptor 3 protein or portion thereof 
comprising the steps of: 

a) combining a compound to be tested with a host 
cell expressing an active, recombinant mammalian . 
chemokine receptor 3 protein under conditions 
suitable for binding of ligand thereto; and 

b) detecting or measuring the formation of a complex 
between said compound and the active, isolated 
protein. 



40. 



10 



. The method of Claim 41, wherein the formation of a 
complex is monitored by detecting or measuring a 
signalling activity or cellular response by said 
active receptor in response to binding of a ligand 
thereto. 



43. A method of identifying an inhibitor of a mammalian 
chemokine receptor 3 protein or portion thereof 
comprising the steps of: 

a) combining a compound to be tested with a host 

cell expressing an active, recombinant mammalian 
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b) 



chemokine receptor 3 protein under conditions 
suitable for binding of ligand thereto in the 
presence of a ligand; and 

detecting or measuring the formation of a complex 
between said ligand and the active, isolated 
protein. 



44 



An inhibitor of at least one function characteristic 
of a mammalian chemokine receptor 3 protein. 



45. An inhibitor of claim 44 , which is an antibody or 
10 portion thereof. 

46. Antisense nucleic acid comprising a nucleic acid 
having a sequence that hybridizes to a nucleic acid 
having a sequence selected from the group consisting 
of: 

15 a) SEQ ID NO: 1; 

b) SEQ ID NO: 3; 

c) SEQ ID NO: 5; 

b) an SNA counterpart of any one of a) through c) . 



47. 

20 



48, 



25 



A method of modulating at least one function of a 
mammalian chemokine receptor 3 protein, comprising the 
step of contacting said protein with an inhibitor or 
promoter of at least one function of said protein. 

A method for treating an inflammatory disease or 
condition, comprising administering to a mammal a 
therapeutically effective amount of an inhibitor of a 
mammalian chemokine receptor 3 protein, whereby 
inflammation is reduced. 
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Sequence Ranges 1 to 1669 

30 20 30 40 

AAT CCT TTT CCT GCC ACC TCT CAT ATC CTT TTO AAA TIC ATC TTA AAC 
SO CO 70 80 90 

AAT CCC TAG CCT CCT ATC ACA TGT CCC ATC TTT GTT GAG TAC ATG AAT 

1°° HO 120 130 140 

AAA TCA ACT OCT GTG TTT TAC CAA GGA TGA TTA TCC TTC ATT CTG CCA 
ISO ISO 170 180 190 



TTC TAT TTT TCT TCT TCT ATC ACA CCC ACA ACT CAA ATC ACA ACC TCA 

Het Tfcr Thr 5er> 



200 210 220 230 



240 



CTA OAT ACA CTT CAO ACC TTT GCT ACC ACA TCC TAC TAT CAT CAC CTC 
Leu Aap Thr Val du Thr Phe cly Thr Thr Ser Tyr Tyr Asp Asp Val> 



250 2CC 270 



280 



CCC 
Gly 


* 

CTC 
Leu 


CTC 
Leu 


♦ • 

TGT CAA AAA 
Cyi Clu lya 


* 

CCT 
Ala 


GAT 
Asp 


* 

ACC 
Tbr 


* 

AGA CCA 
Arg Ala 


* 

CTG 
Leu 


ATG 
Mat 


CCC CAC TTT 
Ala Gin Pha> 


290 
* 




* 


300 

• * 


320 
* 


* 


320 

w 




* 


330 

« « 


CTG 
Val 


CCC 
Pro 


CCC 
Pro 


CTC TAC TCC 
Lau Tyr Ser 


CTG 
Leu 


CTC 
Val 


TTC 
The 


ACT GTG 
Thr Val 


CCC 
Cly 


CTC 
Lau 


TXG G3C AAT 
Leu Gly Asn> 


340 
• 


* 


350 
• 


* 


360 
• 




370 




380 


GTG 
Val 


CTG 
Val 


CTG 
Val 


CTC ATC ATC 
Val Hat 13 a 


CTC 
Leu 


ATA 
11a 


AAA 
Lya 


TAC AGS 
Tyr Arg 


AGG 
Arg 


CTC 
Leu 


CCA ATT ATS 
Arg Zla heo 


• 


390 
* 




400 
• * 


• 


410 
* 


• 


420 
• 




430 
• • 


ACC 
Tar 


AAC 
Aan 


ATC 
11a 


TAC CTG CTC 
Tyr Lau Leu 


AAC 
Asn 


CTG 
Lau 


GCC 
Ala 


AIT TCC 
lie Sar 


CAC 
Aap 


CTC 
Lau 


CTC TTC CTC 
Lau Pba Lau> 




440 
• 


450 
• * 




« 


460 

* * 


470 
♦ 


460 
* • 


GTC 
Val 


ACC 

Thr 


CTT 
Leu 


CCA TTC TOG 
Pro Pha Trp 


ATC 
Jle 


CAC 
Kis 


TAT 

Tyr 


CTC AGO 
Val Arg 


COG 
Cly 


CAT 
His 


AAC TCC CTT 
Asn Trp Val> 




• 


490 500 
* • * 




* 


510 
* 


« 


520 


Phe 


CCC 
Cly 


CAT 
His 


CCC ATG TGT 
Cly Mat Cys 


AAG 
lys 


CTC 
Lau 


CTC 
Lau 


TCA GCC 
Sar Cly 


TTT 
Pha 


TAT 

Tyr 


CAC ACA CCC 
Hie Thr Cly> 


530 
* 




• 


540 

* « 


550 
• 


« 


SCO 

* 




* 


570 

* * 


TIC 
Leu 


TAC 


ACC 
fier 


CAC ATC TTT 
Clu 11a Pha 


TTC 
Pha 


ATA 
21a 


ATC 
21a 


era cto 

Lau Lau 


ACA 
Thr 


ATC 
He 


CAC AGG TAC 
Aap Arg Tyr> 


$80 
• 


* 


590 
* 




600 
* 




610 
* • 


• 


620 
* 


CTC 


CCC 


ATT 


CTC CAT CCT 


CTG 


TTT 


CCC 


CTT CCA 


GCC 


CGG 


ACT CTC ACT 



FIG. 1A 
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Leu 


Ala 


lie 


Val 


Hi* Ala 


Val 


Pbe A) a Leu Arg Ala Arg Thr 


Val Thr> 


♦ 


€30 
• 




ft 


640 
♦ 


* 




650 
* 


660 

» • » 


670 
• 


TTT 
Pha 


OCT CTC 
Oly Val 


ATC 
XI* 


ACC ASC 
Thr Sar 


ATC 
Ila 


CTC 

VAX 


ACC TCC CCC CTC OCA CTC 
Thr Trp Oly Lau Ala Val 


CTA CCA 
Leu Alo> 


* 


680 
* 




690 
« « 




* 


700 710 
* * • 


720 
• « 


GCT 
Ala 


CTO 
Leu 


CCT 
Pro 


CAA 

Clu 


TTT ATC 
Pho 11 a 


TTC 
Pha 


TAT 
T/r 


CAC 
ClU 


ACT CAA CAC TTC TTT 
Thr Olu Clu Lau Pha 


CAA GAO 

Olu 01ti> 




« 


730 
* 


740 
« « 




• 


750 760 
• » * 


• 


ACT 
Thr 


CTT 
Leu 


TCC 
Cys 


ACT 
Sar 


CCT CTT 
Ala Lau 


TAC 
Tyr 


CCA 
Pro 


CAC 
Clu 


CAT ACA OTA TAT ACC 
A»p Thr Val Tyr Sar 


TOO ACC 
Trp Arg> 


770 




* 


780 
♦ 


« 


790 
« 


• 


800 610 
* « « 


♦ 


CAT 
His 


TTC 
Pha 


CAC 
Kit 


ACT 
Thr 


CTC AGA 
Leu Arg 


ATC 
hot 


ACC 

Thr 


ATC 
XI* 


TTC TCT CTC CTT CTC 
Pha Cys Lau Val Leu 


CCT CTC 
Pro Lauv 


820 
* 


• 


630 
* 


♦ 


840 




850 860 
* • * • 


CTC 
L«U 


CTT 
Val 


ATS 
Met 


CCC 
Ala 


ATC TCC 
2)a Cys 


TAC 

?yr 


ACA 

Thr 


GGA 
Gly 


ATC ATC AAA ACC CTC 
Xla Ila Lys Thr Lau 


CTC AGO 
Lau Arg> 


* 


670 
■ 




• 


880 
* 


ft 


890 
• 


900 

• « * 


930 
• 


TSC 

cys 


CCC 

Pro 


ACT 
Ser 


AAA 
Lye 


AAA AAC 
Lyt Lya 


TAC 


AAC 

Lys 


GCC 
Ala 


ATC CCO CTC ATT TTT 
Xla Arg Lau Xle Pha 


OTC ATC 
Val 72 a> 


* 


920 
* 




930 
* » 




• 


940 950 
• • » 


960 
* • 


ATQ 
Kct 


CCC 
Ala 


CTC 
Val 


TTT 
Ph. 


TTC ATT 
Pha I la 


TTC 
Pho 


TSC 
Trp 


ACA 
Thr 


CCC TAC AAT CTC CCT 
Pro Tyr Am Val Ala 


ATC CTT 
Ila Lau> 




« 


970 
• 


980 
* * 






990 1000 
* « « 


♦ 


CTC 
Leu 


TCT 
Sar 


TCC 
Sar 


TAT 
Tyt 


CAA TCC 
Gin Sar 


ATC 
21a 


TTA 

LbU 


TTT 
Pha 


CCA AAT CAC TCT OAO 
Gly A«n Asp Cys ciu 


COG ACQ 
Arg Thr> 


010 
• 




1020 
• • 


• 


103C 
■ « 


* 


1040 1050 
« • • 


• 


AAQ 


CAT 
His 


era 
Leu 


CAC 
Asp 


CT3 CTC 
Uu Val 


ATQ 
Kat 


CTC 
Lau 


CTC 
Val 


ACA CAC CTC ATC GCC 
Thr Clu Val Xla Ala 


TAC TCC 

Tyr S*r> 


1060 
• 


« 


1070 
* 


ioao 




1090 1100 
* « * » 


CAC 
His 


TCC 

cys 


TSC 

cy» 


ATC 
Met 


AAC CCC 
Aan Pro 


CTC 
Val 


ATC 
21a 


TAC 
TVr 


CCC TTT CTT GGA GAG 
Ala Pha Val Gly Olu 


AGO TTC 
Arg rha> 


1110 
* ■ 




# 


1120 




1130 


1140 


1150 


COG 
Arg 


AAC 
Lys 


TAC 

syr 


era 

Leu 


CCC CAC 
Arg Hi. 


TTC 
Pha 


TTC 
Pha 


CAC 
His 


AGO CAC TTC CTC ATC 
Arg His Lau Lau Ket 


CAC CTC 
His Lau> 



1160 1170 1180 U90 1200 

* •* * • • # ♦ •• 

CCC AGA TAC ATC CCA TTC CTT CCT ACT CAC AAC CTO GAA ACA ACC ACC 
Cly Arg lyr Xla Pro Pha Lau Pro Sar Clu Lys Lau clu Arg Thr Ser> 
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. UIO ^ 1220 ia,o 12< 9 

uio # i«o # ^ Ja>0 

OTA CAT CCA CAA AAT TCC CTA AAG ASC AAO CAC CAA CCA CAT NAA CCA 
MOO # ,»o ^ U20 ^ i34o 

AAC ACA TTA ACC CTT CCA CAC TCA CCt CTA AAA CAC TCc" TTC AAA CCT 



1350 iseo 



1370 13S0 



1JS0 



TCCACT CCA ACA CTO AAC CTC TIA ACA CAC TCA AAT ATA CAC ACA CCA 

• 140 . 0 . U1 .° . "»0 1430 

«A CCA CTA CAT CCA TCT ACC CTA ACQ TCA TEA CCA CAC CCC ACC CCT 

CCS CAC CCT ACT CAT CAT CAA CCT AAA AAC CAC ACC TTT CCT TCT CTC 
U9 l . l50 .° . "10 1520 1530 

TCT AAA ATC ACT TAC CTA TAT TTT AAT GCA CCT CAA TCT TA3 ATA CT7 



1540 1550 



* 



1560 1570 15S0 



ACT ATA TCC C3C TAC AAA AAS CTA AAA CTT TIT ATA TTT TAT ACA TTA 

• U 1 . "°. e . a«« i«o 

ACT TCA CCC ACC TAT TAT ATA AAT AAA ACA TTT TCA CAC AAT ACA ATA 

ACT TAA CTA TTT TAT TTT CTA ATS TCC CTA CTT CTT TCC CTS «T AAT 
CAA AAS CTT 
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10 20 30 



40 50 60 

TTGTGCTTAT CCGGGCAAGA ACTTATCG^ ATAcIaTAgI AGAC^CACG^ CHCC^T^ 



70 60 



50 100 no 



TACTTAGAAG AGATTTTCAG GGAcIaGwI A ATG IcA A« TCA CTA GAT IcA GTT 

mtts ldtv> 



120 130 



HO 150 icq 



GAG ACC TTT GOT ACC ACA TCC TAC TAT GAT GAC GTG GCC CTG CTC TCT 

• "? . "J. . ^ 200 «C 

GAA AAA GCT GAT ACC ACA CCA CTC ATG GCC CAC TTT CTC CCC CCG CTC 
1KA *«MA-. QFVPp|> 

. "? . "J 240 ' 2SO 

TAC TCC CTG GTC TTC ACT CTG GGC CTC TTG GGC AAT GTG GTG GTG GTG 
VFTV GLLGNVVVV> 
2 " . ™ . «J 290 300 

ATG ATC CTC ATA AAA TAC AGG AGG CTC CGA ATT ATG ACC AAC ATC TAC 
* KYRRL RIMTNIY> 

3 " . "J . "J 340 350 

. "« . "0 390 400 

. "J. . "2 . «0 . 440 450 

ATG TCT AAG CTC CTC TCA GGG TTT TAT CAC ACA GGC TTG TAC AGC GAG 

" CKl,LSe PVHTGLYSE> 
. "2 . 47 ° . 480 ^ 490 

ATC TTT TTC ATA ATC CTG CTG ACA ATC GAC AGG TAC CTG GCC ATT CTC 

500 ^ 510 ^ 520 ^ 530 ^ 540 

CAT GCT GTG TTT GCC CTT CGA GCC CGG ACT GTC ACT TTT GCT GTC ATC 
AVFAL RARTVTFGVI> 
550 ^ 560 ^ 570 ^ S 80 590 

ACC AGC ATC GTC ACC TGG TCC CTG GCA GTG CTA GCA GCT CTT CCT GAA 
iVTWGLA VLAALPE> 

FIG. 2A 
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6 °° . 6l ? . «0 ^ 630 ^ 640 

TTT ATC TTC TAT GAG ACT GAA GAG TTG TTT GAA GAG ACT CTT TGC AGT 

. "? • "°. . 67 e wo 690 

OCT CTT TAC CCA GAG CAT ACA CTA TAT ACC Ojjc AGG CAT TTC CAC A^T 

. 70 ? . 7 « . 720 ^ 730 

CTG AGA ATG ACC ATC TTC TCT CTC GTT W CCT CTG CTC GTT ATC GCC 

™ . 75 ? . WO ^ 770 780 

?9 ° . 80 ? . 810 . 820. 830 

AAA AAG TAC AAG GCC ATC CGG CTC ATT TTT GTC ATC ATG GCG GTG TTT 



I M A V F> 

uo . . 85 ° . 8 «° "0 e80 



TTC ATT TTC TGG ACA CCC TAC AAT GTC GCT ATC CTT CTC TCT TCC TAT 

. "J . 9 °° . »« 920 930 

CAA TCC ATC T7A TTT GGA AAT GAC TCT GAG CGG ACC AAG CAT CTG GAC 

w ilfgnd cerskhlo> 

. 94 ? . 950 ^ 960 ^ 970 

CTG GTC ATG CTG GTG ACA GAG GTC ATC G^C TAC TCC CAC TGC TGC ATG 
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Expression of Eos L2 on stably transfected L1-2 cells 
Flag staining of different clones 
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